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P R E F A C E  

This report probes the mathematical accuracy and precision of currently used 
methods of allocating salmon catches to runs of origin with knowledge of the 
age composition of catches and escapements. Some readers will want t o  follow 
the logic behind the mathematics in th i s  report and (hopefully) arr ive a t  the 
stated conclusions. The derivations are written for these hardy souls. If 
the text seems overburdened with mathematical symbols, take solace, the equa- 
tions are  more intimidating than complex. 

However, most readers will care less  about the "means" than about the "ends". 
If you are interested in the knowledge that  bias and variances ex is t  for 
allocations b u t  not in how they are  calculated, I suggest f i r s t  reading the 
Abstract, then Sections 1 ,  2 ,  5,  and f ina l ly  Section 6 ,  the Discussion. Note 
that  allocations have variances and that  these allocations can have bias (vari-  
ances are a measure of precision, bias i s  a measure of accuracy and precision). 
Note also under what conditions biases can occur in allocations. Finally, i f  
a f t e r  being forewarned about the limitations of the methods you s t i l l  wish t o  
employ these procedures, use the Fortran subroutines in Appendix A or the Equa- 
tions 3.20-3 t o  estimate run s ize ,  catch allocations,  and their  variances. 

D.R.B. 



ABSTRACT 

Information from s t ra t i f ied  sampling programs (catch by age; escapement by age 
and r ive r ) ,  counting s i t e s  (escapements), and fish t ickets  (catches) i s  combined 
in the Pooled and the Difference methods of allocating catches according t o  age 
compositions in escapements. Equations t o  calculate the variances of catch 
allocations of and returns to salmon f isheries  and Fortran subroutines (for  the 
Pooled method only) t o  calculate variances are provided. For the Pooled method, 
exploitation rates among runs within age groups are presumed the same; for  the 
Difference method, exploitation rates within runs among age groups are presumed 
the same. When exploitation rates on different runs are not the same, the 
Pooled method: 1 )  al locates too few f ish to runs with higher exploitation rates 
and too many t o  runs that experience smal l e r  rates within an age group, 2 )  pro- 
duces large relat ive biases in allocations to small runs when relat ive bias in 
a1 locations to  large runs i s  small within an age g roup ,  and 3) produces relat ive 
biases in each allocation within an allocation scheme that  never completely can- 
cel within the scheme. When exploitation rates on different age classes are not 
the same, the Difference method a1 locates too many fish to age groups that  are 
large and less exploited a t  the expense of a l l  other age groups and runs. 
Imprecise estimates from inadequate catch and escapement sampling programs 
adversely affect  the accuracy o f  both methods, b u t  affect  the accuracy of alloca- 
tions from the Difference method most. The Pooled method i s  identified as the 
better method because i t  i s  less  sensit ive to differences in exploitation rates.  
Ci rcumstances under which age composition methods can be used with negligible 
bias a re  1 isted. Catches from hypothetical and real f isheries  were a1 located 
with both methods as examples. 

KEY WORDS: Catch allocation, Pooled method, Difference method, bias, variance, 
error ,  salmon return calculation 



1. INTRODUCTION 

The D i f f e r e n c e  and Pooled methods a re  t o o l s  t o  a l l o c a t e  salmon catches t o  runs 
w i t h  i n f o r m a t i o n  on age composi t ion o f  ca tch  and escapement. Both methods 
r e q u i r e  es t imates  o f  age composi t ion f rom s t r a t i f i e d  random, s t r a t i f i e d  system- 
a t i c ,  o r  m u l t i s t a g e  sampl ing program (see Cochran 1977, Chapter 10 f o r  d e t a i l s ) .  
Also,  t h e  age composi t ion o f  t h e  escapement i s  assumed r e p r e s e n t a t i v e  o f  t h e  
age composi t ion o f  t h e  ca tch  f o r  bo th  methods. The D i f f e r e n c e  method uses d i f f e r -  
ences between t h e  age composi t ion of t h e  escapements t o  a l l o c a t e  catch (Se ibe l  
1972).  The Pooled method uses the  run  composi t ion o f  t he  escapements pooled f o r  
an age group. 

Both t h e  Pooled and t he  D i f f e r e n c e  methods a r e  popular  because they  r e q u i r e  o n l y  
s imple s t a t i s t i c s  t h a t  a r e  gathered i n  t h e  normal course o f  mon i t o r i ng  a  salmon 
f i s h e r y .  The Pooled method i s  now used i n  t h e  B r i s t o l  Bay sockeye salmon (oncor- 
hynchus n e r k a )  f i s h e r y  and i n  o t h e r  f i s h e r i e s  i n  Alaska when o t h e r  means o f  
a l l o c a t i o n ,  such as sca le  p a t t e r n  a n a l y s i s ,  a r e  unava i l ab l e  o r  unworkable. The 
D i f f e r e n c e  method has been used l a r g e l y  f o r  p i n k  salmon (0.  qorbuschua) w i t h  
a t t r i b u t e s  o t h e r  than age (Worlund and F red in  1962) and f o r  Japanese h i g h  seas 
g i l l  n e t  f i s h e r y  f o r  sockeye salmon (F red in  and Worlund 1974). 

A l though bo th  methods a r e  easy t o  understand and use, t h e  va r iances  o f  t h e i r  
a l l o c a t i o n s  and t h e i r  s e n s i t i v i t y  t o  v i o l a t i o n s  o f  t h e  assumptions upon which 
they  a re  based have no t  been thorough ly  i n v e s t i g a t e d .  I f  managers a re  t o  have 
conf idence i n  these techniques, va r iances  and b iases must be known f o r  each method. 

2. THE ESTIMATORS 

Because bo th  es t ima to r s  a re  t o o  cumbersome t o  descr ibe  i n  s i n g l e  equat ions,  they  
a re  each decomposed i n t o  severa l  equat ions and a re  programmed i n  F o r t r a n  sub- 
r o u t i n e s  l i s t e d  i n  Appendix A. Appendix B con ta i ns  the  d e f i n i t i o n s  o f  a l l  t h e  
n o t a t i o n  i n  t h e  equat ions a n d , i n  t he  r e s t  o f  t h e  r e p o r t .  Some genera l  d e f i n i t i o n s  
and convent ions a re :  

1 )  The l e t t e r  c rep resen ts  a  catch,  E an escapement, P an age as a  p ropor -  
t i o n  o f  an escapement, and Q an age as a  p r o p o r t i o n  o f  t h e  catch.  

2)  The symbol * above a  l e t t e r  means an es t imated  va lue  i s  represented.  

3) The s u b s c r i p t s  i and j  correspond t o  age and r i v e r ,  r e s p e c t i v e l y ,  and 
k and h i n d i c a t e  the  sampl ing s t r a tum i n  the  catch and i n  t h e  escape- 
ment sampl ing programs, r e s p e c t i v e l y .  Subscr ip ts  s and t r e f e r  t o  
r i v e r s  o t h e r  than r i v e r  j .  

4 )  Subscr ip ts  have p o s i t i o n s  f rom l e f t  t o  r i g h t  i, j ,  (h o r  k ) .  

5 )  Any . i n  p l ace  of a  s u b s c r i p t  i n d i c a t e s  t h a t  t h e  v a r i a b l e  i s  summed 
over  t h a t  subsc r i p t ;  f o r  i ns tance ,  c i s  i s  t he  catch o f  f i s h  o f  age i, 
c . j  i s  t h e  ca tch  o f  f i s h  f rom r i v e r  j ,  ci. i s  t he  ca tch  of f i s h  o f  age 
i f rom r i v e r  j, and c .  ., i s  t h e  ca tch  du4ing p e r i o d  k. The two 
except ions a r e  t o t a l  ca tch  (c) and t o t a l  r e t u r n  ( R )  which have no do ts  
a t  a l l .  



6 )  C a p i t a l s  o f  subsc r i p t s  represen t  t h e  maximum va lues t h a t  t he  sub- 
s c r i p t s  can a t t a i n .  

Because bo th  methods r e q u i r e  i n f o r m a t i o n  f rom catch and escapement sampling pro-  
grams f o r  age composi t ion,  t h e  d e s c r i p t i o n  o f  t h e  f i r s t  stages of each method a r e  
t h e  same. Imagine a  f i s h e r y  w i t h  I ages and J r i v e r s ,  a  catch sampling program 
w i t h  K s t r a t a ,  and an escapement sampl ing program i n  r i v e r  J w i t h  H s t r a t a :  

j 

To use the  methods t o  make a1 l o c a t i o n s  o f  t he  ca tch  by r i v e r :  

1 ) F i r s t ,  es t ima te  t h e  p r o p o r t i o n  o f  t h e  popu la t i on  o f  each age w i t h  
s t r a t i f i e d  o r  mu1 t i s t a g e  sampl jng  programs on the  ca tch  (aik, oi) 
and on each escapement ( F i j h ,  pi ) f o r  each r i v e r .  The est imated 
p r o p o r t i o n  i s  t he  weighted sum 08 t h e  p ropo r t i ons  f o r  each s t ra tum.  
A we igh t  i s  t h e  r a t i o  o f  t h e  number caught ( o r  escaped by r i v e r )  dur -  
i n g  t he  sampling p e r i o d  t o  t h e  number caught ( o r  escaped by r i v e r )  f o r  
t h e  season (Eq.  2.2 o r  2.4). 

2 )  Then es t imate  t he  numbers by age f o r  t h e  season f o r  each escapement 
and f o r  t h e  ca tch  isi j ,  t i).  Numbers by age a r e  g i ven  by t he  p roduc t  
by  t h e  est imated p r o p o r t i o n  by  age f o r  t he  catch o r  f o r  t h e  escape- 
ment by  r i v e r  and the  numbers caught o r  t he  numbers escaped by r i v e r  
(Eq.  2.1 o r  2 . 3 ) .  

Pooled Method 

The Pooled method r e q u i r e s  t h e  assumption t h a t  w i t h i n  each age group, t h e  percent -  
age o f  a l l  escapement t h a t  went t o  r i v e r  j i s  t he  percentage o f  f i s h  f rom t h a t  
r i v e r  i n  t h e  catch:  

Eq. 2.5 p rov ides  one a l l o c a t i o n  o f  f i s h  o f  age i t o  r i v e r  j. Eq. 2.6 represen ts  
t h e  e n t i r e  a l l o c a t i o n  scheme f o r  a  f i s h e r y .  



where C i s  an IXJ m a t r i x  o f  C i j ,  D [C i ]  i s  an 1x1 d iagonal  m a t r i x  of the catches 
by age, and Q i s  an IXJ m a t r i x  o f  ei . (= Eij/Ei). There i s  o n l y  one poss i  bl e 
a l l o c a t i o n  scheme, and i t  i s  composed o f  IXJ separate  a l l o c a t i o n s .  Because 
a l l o c a t i o n s  a r e  made accord ing t o  p r o p o r t i o n s  w i t h i n  an age, the  e f f e c t  o f  gear 
s e l e c t i v i t y  on escapement age composi t ions i s  i r r e l e v a n t  un less  runs have s i g n i f i -  
c a n t l y  d i f f e r e n t l y  s i zed  f i s h  o f  the  same age. The o n l y  assumption i s  t h a t  cjj /ci  
E ~ ~ / E ~ .  . The number o f  runs, ages, and t he  d i f f e r e n c e s  i n  age composi t ions 
among runs have no bear ing  on t h e  ex i s t ence  o f  an a l l o c a t i o n  scheme from the 
Pool ed method. 

D i f f e r e n c e  Method 

The D i f f e r e n c e  method r e q u i r e s  t h e  assumption t h a t  some d i f f e r e n c e  e x i s t s  between 
t h e  age composi t ions o f  the runs. The number o f  f i s h  o f  age i i n  t he  ca tch  i s  the  
sum o f  t he  p roduc ts  o f  ca tch  by r un  and t he  p r o p o r t i o n  o f  t h a t  r u n  o f  a  g i v e n  age. 
Since t h e  age composi t ion o f  t h e  catch o f  a  s i n g l e  r un  i s  unknown, t h e  age composi- 
t i o n  o f  i t s  escapement i s  used as an es t imate .  From Eq. 5 i n  Worlund and F red in  
(1962), t h e  D i f f e rence  method i s  a  s e r i e s  o f  sirnul taneous equat ions,  one equa t ion  
f o r  each age group i n  t h e  f i s h e r y :  

There a r e  severa l  ways t o  so l ve  the  s imultaneous equat ions i n  Eq. 2.7 t o  g e t  an 
a l l o c a t i o n  scheme, depending on how many ages and runs  a re  invo lved .  I f  t he  number 
o f  ages i s  the  same as t h e  number o f  runs  (I = J), o n l y  one a l l o c a t i o n  scheme can 
be c a l c u l  ated; i f  t h e r e  a r e  more runs  than ages (I < J) , no scheme i s  poss ib l e ;  
and if t h e r e  a r e  more ages than runs  (I > J ) ,  more than one scheme can be ca lcu -  
l a t e d .  The number o f  a l l o c a t i o n  schemes t h a t  can be made i s  t h e  combinat ion o f  
I ages taken J a t  a t ime  I =  I!/[J! (I-J) ! I ) .  TO so l ve  a  s e t  o f  t h e  s imultaneous 
equat ions i n  Eq.  2.7: 

where Cj i s  a  J X ~  column v e c t o r  w i t h  elements c.1, c . ~ !  ..., C-J, Ci i s  a  JXI 

column v e c t o r  w i t h  elements t h a t  a r e  catches by specif-ic ( b u t  n o t  n e c e s s a r i l y  
a l l  ) ages, and p i s  a  JXJ m a t r i x  w i t h  elements pij . For t h e  spec ia l  case o f  
two ages (1=2) and two runs ( ~ = 2 ) ,  Worlund and F red in  (1962)  use c o n s t r a i n t s  
1 ~ 2 1  = 1  - ~ 1 1  and c . ~  = c - c . ~ ]  t o  produce an a l l o c a t i o n  scheme from Eq. 2.7: 



where ?. j / c  i s  the proportion of the catch tha t  i s  from run j ,  and j # t .  This 
special case i s  an extension of E q .  C.l (Appendix C ) .  

When the number of ages i s  greater than the number of runs, more than one alloca- 
tion scheme i s  possible, so which i s  the best to use? Worlund and Fredin (1962) 
suggest using least-squares techniques to  solve E q .  2.7 to get the one, best 
allocation scheme. The 6 . j  are the e~ t ima ted~s lope  parameters, and the intercept 
must be zero. When the dependent variables (ci have different variances, a 
weighted regression should be used. Because the independent variables have vari- 
ances, a functional regression i s  needed, and  because the numbers of ages in the 
regression i s  probably small, a GM regression will have to suffice for the AM 
regression (Ricker 1975, p .  351 - 2 ) .  Sei be1 ( 1  972) suggests using mu1 tip1 e alloca- 
tion schemes t o  adjust the Difference method for the effect  of the fishery on age 
compositions in escapements. Because gear select ivi ty  will cause the age composi- 
tion of the escapements t o  deviate from t h a t  of the run, multiple allocation schemes 
can be used t o  correct for th is  bias. 

The solution t o  C j  i s  s t i l l  n o t  an allocation scheme. No matter what variant of 
the Difference method i s  used, each estimate of catch by run (c. j) must be s p l i t  
into catch by age by run itij) through estimates of the age and run composition 
of i t s  escapement before an allocation scheme i s  obtained. 

No matter what the procedure used t o  solve E q .  2 .7 ,  no set  of two or more runs can 
have the same age composition ( i  .e.  , two or more columns in p may not be the same) 
i f  allocations are to be made to  a l l  runs. If age compositions are the same for  
two or more runs, these runs must be treated as a single group to use the Differ- 
ence method. 

3. VARIANCE OF THE ESTIMATORS 

Although sampling programs do not affect  the estimator, they do affect  the e s t i -  
mates. Allocations based on "known" age compositions have no variance; i f  every 
f ish caught in a run i s  aged, both methods provide allocation schemes with perfect 
precision ( b u t  not necessarily with perfect accuracy). B u t  because aging a l l  f ish 
i s  n o t  feasible,  catches and escapements are sampled and each sample has a vari- 
ance. The variances of allocations become expansions of variances according to 
the equations which define each estimator. 

Even more so than the estimators, their  variance i s  t o o  cumbersome to describe in 
a single equation, so the variance equations are l i s ted  in several equations. 
And l ike the estimator, the variance equations for the Pooled method are coded 
in Fortran subroutines l is ted in Appendix A .  

Catch 

The variance of estimated catch by age i s  the sum over time of the products of the 
estimated age composition weighted by the period i s  catch (see Cochran 1977, p .  
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107-9). Because the catch for  a period i s  known from f ish t icke t  information, 
not estimated, the variance of the estimated catch by age i s  the product of the 
variance of the estimated age composition for the season v[Gii and the square of 
the season's catch cl. The catch-squared terms cancel in the equation to give: 

The ra t io  { c . . ~  - N ~ ) / ( c . . ~  - 1 ) )  i s  the f i n i t e  population correlation factor which 
reduces sample variance as  the sample s ize approaches population s ize2 .  A s t r a t i -  
fied sampling program i s  assumed in E q .  3.1-2. If a multistage sampling program 
i s  used instead, Cochran (1977, Chapter 10) 1 i s t s  the appropriate equations. 

Known Escapement 

When escapement i s  known, not estimated, ~ . j h  i s  not a variable, b u t  a constant. 
Sonar, towers, and weirs provide estimates of escapement that are constants when 
total  counts are made. With escapement a constant, the variance of escapement by 
river by age i s :  

where P i j h  i s  the proportion of the escapement passing by the sonar, tower, or 
weir on rlver j during period h that i s  comprised of age group i. Estimates of 
Bijh  come from s t r a t i f i ed  sampling programs for the age composition of the 
escapement. The constant ~ . j h  i s  the escapement to  river that  pass the counters 
during period h ,  and ~ j h  i s  the number of f ish by age group captured in the 
sampling program during period h. The term {(E. jh - N ~ ~ ) / ( E . ~ ~  - I) 1 i s  the 
f i n i t e  population correction factor.  

The variance of ii. i s  the sum of variances of the iij over r ivers .  From Menden- 
hall e t  a l .  (1981, p .  207), the variance of a sum i s :  

If catch i s  estimated and has a variance, Eq. 3.1 will look more 1 ike Eq.  3.8 
provided that the variance of the estimated catch i s  known. 

2 A catch (or  an escapement) i n  which a l l  f ish are aged has a known age composi- 
tion w i t h  no variance. 



I n  t h i s  der ivat ion,  the covariance terms in the above equation can be dropped 
because samples of age composition and escapement come from d i f f e r en t  periods 
and a re  independently drawn. Thus, 

Estimated Escapement 

When escapements dre  estimated ( f o r  instance,  by expanding incomplete counts from 
weirs, sonar, and towers), the variances of escapement by age by r i ve r  estimated 
with Eq .  3.4 a r e  biased (see Cochran 1977, p. 117-119). Instead of a product of 
a constant and a var iable ,  ii. i s  the product of two var iables .  From Goodman 
(1360, E q .  2 ) ,  the variance o# a product of two independent variables i s :  

For v[iij], v[iijh] i s  calculated f i r s t :  

where the f i n i t e  population correction fac to r  f o r  the age composition i s  F ,  = 
. - N . - 1). Unlike E q .  3 .3,  the estimated escapement by r i ve r  by 
~ t r a t u m  i d h ~ q .  3.8 has a variance. Becker (1962) gives equations t o  ca lcula te  
~ . j ~  and v[i.  jh] from expanded tower counts; variances fo r  escapements based on 
expanded weir and sonar counts a r e  calculated in the same fashion. Because f i n i t e  
population correction fac to rs  f o r  escapement sampling a re  included in Becker's 
equations, these correction factors  are  not needed in E q .  3.8. To ge t  v[Eijl, 
the variances by period must be summed over periods: 

The covariance terms from E q .  3.5 a re  omitted because the estimates of age compo- 
s i t i on  and escapement a re  made with data from two, independently operated sampling 
programs and a r e  therefore independent. The variance of ii. i s  found as i n  E q .  3.6. 

An a1 ternat ive  method to ca lcula te  v[sij] i s  t o  ignore the bias and use E q .  3.3. 
The bias i s  negligible as  long as the par t i a l  escapement counts a re  much la rger  
than the sample s izes  to determine age proportion. This i s  often the case -- 
the precision of the escapement estimates i s  much be t t e r  than t ha t  f o r  the e s t i -  
mates of age composition. If  estimates of v[pij! a r e  needed (as  fo r  the Difference 
method) when escapements a r e  estimated, E q .  3.4 i s  a good approximation under these 
circumstances. 
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A l l o c a t i o n  w i t h  t h e  Pooled Method 

When the  var iances  o f  t h e  t h r e e  components o f  Eq. 2 .5  {ci., "lj, and Ei. ) a re  known. 
t h e  nex t  i s  t o  separate  Eq. 2.1 i n t o  a  p roduc t  o f  a  v a r i a b l e  ci. and a r a t i o  
A A 

EijiEi. . 
The va r i ance  o f  a  r a t i o  o f  two v a r i a b l e s  can be approximated through a T a y l o r  se r -  
i e s  expansion o f  t h e  r a t i o  { f rom Seber (1973, p. 8 )  j :  

where CJ i s  a  f u n c t i o n  o f  x and x i s  a  v e c t o r  o f  v a r i a b l e s .  I f  g i s  a  f u n c t i o n  o f  
v a r i a b l e s  A and B where ~ ( A , B )  = A/B, then  

Replac ing A and B w i t h  Gi and ii. I 

U n l i k e  i n  t he  p rev ious  equat ions,  t h e  covar iance  term i n  Eq. 3.13 c a n ' t  be ignored .  
The v a r i a b l e s  ii. and ii. a re  n o t  independent because t h e  former  i s  one o f  t h e  
elements of t h e  l a t t e r .  However, t h e  covar iance o f  ii. and ii. i s  equal t o  v[iij]. 
The covar iance o f  two sums of  v a r i a b l e s  i s  t h e  sum o f  {he covar iance5 o f  a l l  
p o s s i b l e  combinat ions of t he  elements of t h e  two Asurns (Mendenhall e t  a1 . 1981, 
p. 207). Consider iij a sum o f  one element and Ei. a sum o f  J e'lements. 
The escapement iij f rom one r i v e r  i s  es t imated  independent ly  f rom a1 1 o t h e r  r i v e r s  
and i s  t he re fo re  independent o f  a l l  elements i n  ii. except one. That one excep t ion  

A h  

i s  i t s e l f .  Bu t  Cov[Eij,Eijl = v[iijl. Because o f  t h e i r  independence, t h e  c o v a r i -  
ances between iij and a1 1 o t h e r  elements i n  Si- i s  zero.  S i m p l i f y i n g  Eq. 3.13, 

Now t h e  components o f  t h e  p roduc t  can be m u l t i p l i e d  accord ing t o  Eq. 3.7 t o  g i v e  
t h e  f i n a l ,  des i r ed  r e s u l t :  

Because t h e  ca t ch  sampl ing and escapement sampling programs a r e  conducted indepen- 
den t l y ,  ca tch  by age ( c i s )  and t he  r a t i o  / a r e  independent as r e q u i r e d  by 
Eq. 3.7. 



Return with the  Pooled Method 

Once an a l l o c a t i o n  i s  made, t he  run s i z e  by age and r i v e r  (nij) i s :  

The es t imate  hi i s  again twice used which makes covariance between Eij  and Ci j  
obvious. ~ n f o r z u n a t e l ~ ,  $i i s  both mu1 t i p1  ied and added in Eq. 3.16 which pre- 
cludes a s t ra ight forward  so 1 ution t o  v[nij]. B u t  f o r tuna te ly ,  ca l cu la t ion  of an 
approximate variance fo r  f i i j  i s  poss ib le  with E q .  3.11. In t h i s  s i t u a t i o n ,  q i s  
E q .  3.16 and 

A A 

where i = ii j/ii and B = ci Because a1 1 Sij and ?i. a r e  estimated with 
independent sampling programs, no covariance a r e  needed i n  Eq. 3.17. Like the  
variance f o r  t h e  a l l o c a t i o n ,  Eq. 3.17 i s  encoded in  a Fortran subroutine l i s t e d  
i n  Appendix A .  

Allocation and Return with the  Difference Method 

How variances a r e  ca lcula ted  f o r  an a l l o c a t i o n  made with the  Difference method 
depends on the  number of runs and the  number of ages. I f  t he re  a r e  more ages than 
runs ( I > J ) ,  l eas t - squares  techniques can be used t o  es t imate  t h e  catch by r u n ,  
and the variance of t h e  parameter es t imate  i s  the  variance of catch by r u n  v [ ? . ~ I .  
An a l loca t ion  f o r  age i in r u n  j i s  the  product of catch by r u n  and the  propor- 
t i on  of escapement j t h a t  i s  age i (i?.j by Bij ) .  The approximate variance of an 
a l loca t ion  from Eq. 3.11 i s :  

The approximate variance of t h e  r e tu rn  (ca tch  p lus  escapement) i s  

Because Pi j  i s  used t o  c a l c u l a t e  both 8 - j  and hi ., the  covariance terms in  Eq. 
3.18-9 a r e  not zero.  Least-square t e c h n ~ q u e s  prdvide est imates  of covariance 
among parameters (among the  6- j )  and among independent va r i ab le s  (among the  si j ) ,  
but not among parameters and independent va r i ab le s ,  and without t h i s  l a s t  s e t  of 
covariances,  p rec i se  variances f o r  a l l o c a t i o n s  from the  Difference method a r e  not  
a t t a i n a b l e .  

How t o  c a l c u l a t e  t h e  variances of the  a l l o c a t i o n s  when 14 depends on the  rank of 
P. When the  rank of two ( I = J = ~ ) ,  mul t ip ly  Eq. 2.8 by the  catch and by the  pro- 
port ion of run j made u p  of age i:  



The approximate variance of an allocation cij i s  (see E q .  3.11 ) 

Because a l l  the variables in Eq. 3.20 are  estimated with independent sampling pro- 
grams, there are  no covariances in Eq. 3.21 . The variance of the return for  the 
Difference method i s  based on the sum of catch by age and run Pij ( E q .  3.21) and 
the escapement of age i t o  run j  , ii ( E q .  2.3), or 

The approximate variance of the return iij (see Eq. 3.11 ) i s  

When the escapement i s  known by complete counts, the l a s t  term in Eq. 3.23 
{ ~ [ i - ~ l B ~ ~ 2 l  i s  zero. Because a l l  the variables in Eq. 3.22 are estimated with 
independent sampling programs, there a re  no covariances in E q .  3.23. 

Pel la  and Robertson (1979) developed a method t o  calculate the variances of 
allocations (allocations as fractions) made with scale pattern analysis on f ish-  
e r ies  with more than two runs; this technique i s  direct ly  applicable t o  allocations 
made with the Difference method. The correction matrix i s  P,  and the vector of 
proportions of the a t t r ibute  in the mixture i s  C . However, Cook (1 982) used 
Monte Car10 simulation to  show that the estimate a variances using Pella and Robert- 
son's methods are conservative ( i . e . ,  too large).  Also, the variances from Pella 
and Robertson (1979) are for the fraction of the catch composed of fish from run 
j  and not variances of the allocation or of the return. 

When the rank of P i s  more than two E = J > ~ ) ,  Monte Carlo simulation i s  the best 
procedure by which to calculate variances for  an allocation scheme. Each element 
of the general solution to the Difference method ( Gi and a1 1 Fi ; see E q .  2.8) 
has an estimated sampling variance. Random numbers, each dis t r i iuted uniformly 
between 0 and 1 ,  a re  generated and transformed with a computer into values for  Gi 
and 6 that  are distributed according to the i r  binomial distributions with vari- 
ances v[ by]  and v[Pi . I .  Each se t  of P and Q are inserted into Eq. 2.8, and a s e t  
of C and R are gene$ated. If this  process i s  repeated many times, a population of 
R i s  generated from which a variance can be calculated directly.  



4. ASSUMPTIONS A N D  BIASES 

Although aging every f i sh  in the escapement and in the catch produces a l locat ions  
with perfect  precision (no variance),  the estimator could s t i  11 produce inaccurate 
a l locat ions  i f  the assumptions upon which the  estimator r e s t s  are  violated.  

Imprecise and non-representative samples of age composition wi 11 produce imprecise 
and inaccurate estimates of c i - ,  E ~ ~ ,  and subsequently cij . This problem i s  
best solved with good sampling programs f o r  estimating age compositions. Nhen age 
compositions change with time and random access t o  the population produces repre- 
senta t ive  samples, a  s t r a t i f i e d  or a s.ystematic sampling design i s  adequate t o  pro- 
duce good estimates. However, i f  the age composition of the catch varies consider- 
ably with the manner in which the catch i s  landed, a mu1 t i s t age  sampl ing program 
should be used. 

Another bias occurs when not a l l  the runs a r e  included in the a l locat ion.  If the 
escapements of some of the runs a r e  not included in the a l loca t ion ,  the remaining 
runs wil l  be al located too many f i s h .  And i f  some of the escapements a r e  not 
included in the calculat ion of gi . ,  the a l locat ion will be biased. 

Pooled Method 

Another bias in  a catch a l locat ion made with the Pooled method occurs when the  r u n  
composition of the escapement no 1 onger r e f l e c t s  the run composition of the catch. 
This happens when d i f f e r en t  runs within the same age group experience d i f fe ren t  
exploitat ion ra tes .  

Part i t ioning the return by age and by r u n  i s  the f i r s t  s tep  in i sola t ing the 
e f fec t s  of exploi ta t ion r a t e s  on the accuracy of the estimates from the Pooled 
method: 

where ~ i j  i s  the return of salmon of age i t o  r ive r  j, R i s  the return in a year 
of a1 1 ages going t o  a1 1 r ive rs ,  pi i s  the proportion of the return of age i ,  
and ri i s  the proportion of the return of age i tha t  goes t o  r i ve r  j (ria = 1) ' .  
The cafch by age and r i ve r  i s  the product of E q .  4.1 and the annual exploitat ion 
r a t e  by age and r ive r  (u i j )  : 

Both s ides  of E q .  4 . 2  can be summed to  obtain catch by age and the exploitat ion 
r a t e  by age (ui) :  

The sum of the proportion pi over i (ages) i s  one; the sum of the proportion 
r i j  over j i s  one. 



Note t h a t  vi i s  a  weighted sum o f  t h e  u i  ., t h e  weights  be ing t he  p r o p o r t i o n  o f  t h e  
age group from r i v e r  j .  The escapement dy age and r i v e r  i s  the  complement o f  t h e  
ca tch  by age and r i v e r s ,  

I f  t h e  r i gh t - hand  s ides  o f  Eq. 4.3 and 4.4 a r e  s u b s t i t u t e d  f o r  e q u i v a l e n t  terms i n  
Eq. 2.5, t h e  new v e r s i o n  o f  t h e  es t ima to r  becomes 

j=l 

J J 

s ince ui = x r i j u i j  and r i j  = 1. For  no b i a s  t o  occur,  Eq. 4.5 must equal 
Eq.  4.2: j=l j=l 

When t h e  p roduc t  R P i r i j  i s  removed from bo th  s ides  o f  Eq. 4.6, 

For  Eq. 4.7 t o  be t r ue ,  

How much b i a s  w i l l  be es t ima to r  impa r t  t o  t h e  a l l o c a t i o n  scheme i f  t h e  ui a r e  n o t  
equal?  B ias i s  de f i ned  as t h e  r e l a t i v e  d e v i a t i o n  i n  t h e  es t imated  a l i o c a i i o n  o f  
ca tch  by age by r i v e r  f rom t h e  a c t u a l  va lue,  

I f  s u b s t i t u t i o n s  i n  Eq. 4.9 f o r  c i j  are  made from Eq. 4.2 and f o r  E i j  a r e  made f rom 
E q .  4.5, 



assuming tha t  u4j  > o .  The product R p i r i j  can be removed from, and weights added 
t o ,  E q .  4.10, giving 

The product w i j ~  = uij where w i j  i s  a weight describing deviations in U i i  from u ,  
a standard var ia t ion exploi ta t ion r a t e .  Consider the ~ i j  as  an element i n  a vector 
Wi such t ha t  Clji = [ l  ,1 ,1 . . . 11 when there i s  no bias in the a l locat ion scheme. 
As individual U i j  deviate from u ,  the corresponding w i j  i s  l e s s  than o r  g rea te r  
than one ( f o r  a l l  w i j ,  0 < W i j  < I / u ) .  No weights a re  placed on the ui  because 
these exploitat ion r a t e s  a r e  estimated with catch and escapement sampling programs 
for  age composition, and ac t  as const ra ints  on the biases in the a l locat ion scheme. 
An estimated u i j  can not be calculated sole ly  from sampling programs fo r  age compo- 
s i t i on .  Because an estimate of ui  i s  avai lable :  

where c = l / ( r - C i )  = i i . / E i .  . From E q .  4 . 3  and 4 . 8 ,  

Putting E q .  4.13 in to  E q .  4.12 gives 

and B i j  drops to  zero when a1 1 w i j  equal one. If only w i j  # 1 ,  

and i f  wit f 1 while w i j  = 1 ,  



Note that E q .  4.14 through 4.16 do not contain v ,  which makes u a  scale factor 
and B~~ independent of u. 

Inspection of E q .  4.14 through 4.16 provides answers to general questions about 
the nature of the bias in allocations made with the Pooled method and about the 
relationships among bias, exploitation ra tes ,  and run compositions. What happens 
when only U i j  # u? When U i j  and one or more U i t  do n o t  equal u? Are there condi- 
tions where the bias i s  insensitive to differences in exploitation rates? Can 
biases cancel one another? Can only one allocation in an allocation scheme be 
biased? 

1 )  From E q .  4.15, as a  run i s  exploited harder than other runs, i t s  f ish are 
erroneously allocated to  other runs, and when exploited n o t  as hard, i t ' s  
erroneously allocated fish from the other runs. When w i j  > 0 ,  B i j  < 0 ,  
and c i j  < c i j .  When w i j  < 0 ,  ~ i j  > 0 ,  and C i j  > cij. 

2)  From E q .  4.14, the amount under or over a1 located i s  a  product of the 
deviations in e x ~ l o i t a t i o n  rates and the relat ive sizes of the runs. If 
run j i s  large relat ive to a l l  runs, a  small deviation in i t s  exploitation 
rate  will s t i l l  move large numbers to  the other runs in the allocation; i f  
r u n  j i s  small re lat ive to other runs, a  large deviation in i t s  exploitation 
rate  i s  needed to produce the same ef fec t .  

When one run in a  two-run fishery has a  biased allocation, the allocation to  the 
other run i s  biased also. B u t  what about three or more runs with runs exploited 
above the standard rate ,  runs exploited a t  the standard rate ,  and runs exploited 
below the standard rate? Can the biases be completely antagonistic? No. 

3) From E q .  4.14, an allocation scheme for  a  fishery will always be biased when 
the exploitation ra te  for one run i s  different  than that of the others. For 
the biases in each allocation to cancel one another t o  provide an unbiased 
allocation scheme, a1 1 ~i must be zero, and a l l  Eq.  4.14 must be equal for  
a l l  j. Since the constan< c and the summation i n  E q .  4.14 are  the same 
regardless of j ,  the values of w i j  must be equal for  a l l  j fo r  a l l  the ~ i j  
t o  be zero. Since u i s  a  scale factor ,  equal ~ i j  become equal to one by 
adjusting the scal e  factor.  

So much for  answers to  general questions; now to the specific questions: how big 
i s  the bias when exploitation rates are different among runs? The magnitude of 
the bias depends on the variation in exploitation rates (the w i j ) ,  the exploitation 
rate  for the age group (ui)  and the relative s ize of the runs Involved (the ri j) .  
In E q .  4.15, B . ~  i s  a  function of wij, r i j ,  and ui (remember c = I/[I-ui]) .  
When B i j  ( E q .  4.14) i s  plotted against w i j  a t  several values of the other variables 
in a  two-run fishery, Figure 4.1 resul ts .  Line A occurs when 10% of age i in the 
return i s  caught and run j has 90% of fish that  age. Line B occurs in one of two 
circumstances: 1 ) 90% of age group i i s  caught and run j has 90% of that age 
group or 2 )  10% of age group i i s  caught and run j has 10% of that  age group. Line 
C occurs when 90% of age group i in the return i s  caught and run j has 10% of f ish 
that  age. A value of 1 for ~ i .  represents a  doubling of the correct allocation, 
a  value of 2 represents a  t r ip? ing ,  e tc .  ; a value of -1 i s  the lowest value possible 
and represents no allocation when one should have been made. Potential for  bias i s  
greatest  for small, heavily exploited runs and i s  leas t  for  large, l ight ly exploited 
runs. The overall exploitation ra te  for  the age group has the greatest  effect  on 
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Figure 4.1 Relative bias in estimated catch allocations made with the Pooled 
method under different exploitation rates and run composition of 
the catch when the return i s  composed of two runs. Line A corres- 
ponds t o  large,  1 ightly exploited runs, Line B t o  small, 1 ightly 
exploited or 1 arge, intensely exploited runs, and Line C to small , 
intensely exploited runs. See the text  for more detai ls .  



p o t e n t i a l  b i a s  ( l i n e  C ) .  Any b i a s  t h e  f i s h e r y  impar ts  because of d i f f e r e n t i a l  
e x p l o i  t a t i o n  w i  11 be 1  arge o n l y  when t h e  f i s h e r y  takes a  l a r g e  p o r t i o n  o f  t h e  r un .  
No m a t t e r  how g r e a t  t h e  d i f f e r e n t i a l  i n  e x p l o i t a t i o n  r a t e s  among runs,  a  smal l  
ca tch  leaves t h e  r u n  composi t ion o f  t h e  escapement a  f a i r  approx imat ion o f  t h e  
r u n  composi t ion o f  t h e  r e t u r n  ( 1  i n e  A ) .  

A l though i t  i s  n o t  p o s s i b l e  t o  c o r r e c t  f o r  b iases un less  t h e  e x p l o i t a t i o n  r a t e s  
a re  known, knowledge o f  t he  b iases  f o r  some t y p i c a l  s i t u a t i o n s  i s  i n s t r u c t i v e .  
I n  F i gu re  4.2, t h e  t op  p l o t  corresponds t o  a  two-run f i s h e r y  i n  which t h e  observed 
e x p l o i t a t i o n  r a t e  f o r  age i i s  50% and each r u n  corresponds t o  h a l f  t he  r e t u r n .  
The d o t t e d  l i n e s  connect b i a s  w i t h  d i f f e r e n t  weights  and t h e i r  cor responding 
e x p l o i t a t i o n  r a t e s .  Note t h a t  when r u n  j i s  e x p l o i t e d  a t  45%, t h e  b i a s  i n  t he  
a l l o c a t i o n  i s  11%; when r u n  j i s  e x p l o i t e d  a t  55%, t h e  b i a s  i s  -9%. The l owe r  
p l o t  i n  F i gu re  4.2 represen ts  a  two-run f i s h e r y  i n  which t he  observed e x p l o i t a t i o n  
r a t e  f o r  age i i s  s t i l l  50%, b u t  one run  i s  o n l y  a t h i r d  o f  t h e  r e t u r n .  Mote t h a t  
when t h e  sma l l e r  r u n  i s  e x p l o i t e d  a t  45%, t h e  b i a s  i n  t he  a l l o c a t i o n  t o  t h a t  r u n  
i s  15%, and when t he  sma l l e r  r u n  i s  e x p l o i t e d  a t  55%, t h e  b i a s  i s  -12%. 

D i f f e r e n c e  Method 

Whi le t h e  Pooled method presumes equal e x p l o i t a t i o n  r a t e s  among runs w i t h i n  an 
age group, t h e  D i f f e rence  method presumes equal r a t e s  among ages w i t h i n  runs.  
The D i f f e r e n c e  method uses a  d i f f e r e n c e  among runs i n  some a t t r i b u t e  whose frequency 
i s  known f o r  each run .  The o n l y  es t ima te  o f  t h e  age composi t ion o f  each run  a v a i l  - 
ab le  i s  t he  es t ima te  o f  t h e  age composi t ion o f  the  escapement. The t r u e  f requency 
o f  t h e  a t t r i b u t e  age i n  a  r u n  i s  ~ i j / ~ .  j, o r  

The s u b s t i t u t e  f o r  E a .  4.17 i n  t h e  D i f f e r e n c e  method i s  pij: 

I n s p e c t i o n  o f  Eq. 4.18 shows t h a t  o n l y  when t h e  e x p l o i t a t i o n  r a t e s  among ages 
w i t h i n  a  r u n  w i l l  P i j  be an unbiased es t ima te  o f  t h e  f requency o f  age i i n  r u n  
j and t h e  D i f f e r e n c e  method p rov i de  accura te  a l l o c a t i o n s .  

Because t h e  D i f f e r e n c e  method has severa l  ve r s i ons  depending on t h e  number o f  age 
groups and t h e  number o f  runs i n  a  s i t u a t i o n ,  a d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  b i a s  
i n  t h e  D i f f e r e n c e  method, l i k e  the  one f o r  the  Pooled method, would n o t  be as s imple.  
I n  l i e u  o f  a  d e t a i l e d  i n v e s t i g a t i o n  o f  i t s  b i as ,  examples o f  a l l o c a t i o n  schemes made 
w i t h  t h e  D i f f e r e n c e  method a r e  used t o  show b ias .  
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Figure  4 .2  R e l a t i v e  b i a s  i n  e s t i m a t e d  c a t c h  a l l o c a t i o n  made wi th  t h e  Pooled 
method under t y p i c a l  e x p l o i t a t i o n  r a t e s  and run composi t ions .  The 
top  graph shows b i a s  f o r  one of two e q u a l l y  s i z e d  runs  w i t h  an 
e x p l o i t a t i o n  r a t e  o f  50%. The bottom graph shows b i a s  o f  one o f  
two runs  w i t h  t h e  o t h e r  runs  twice  a s  l a r g e  and an  o v e r a l l  e x p l o i t a -  
t i o n  r a t e  o f  50%. 



5. EXAMPLES 

Bristle Bay 

The hypothetical River of No Return and the hypothetical River S t y x  each have a 
run of sockeye salmon which are fished by the Bristle Bay g i l l  net f l e e t .  Each 
run has two age groups, 4, and 5,. The older f ish from eath river enter the 
fishery f i r s t  with f ish from the River of No Return entering before those headed 
for the River Styx. Members of each age group from each river take one m o n t h  to  
pass any point in their  journey t o  spawn, b u t  there i s  a different lag time 
between fishing grounds and counting towers for  each age group and river.  All 
age groups have normally distributed migratory timing. The fishery i s  six weeks 
long s tar t ing 8 June with four days a week fished. The f l e e t  fishes different ial ly  
on the run by age and river and daily instantaneous fishing mortality rates vary 
accordingly. With these characteristics and known run s ize by age by r iver ,  a 
pattern of escapement and catch was generated (Figure 5.1-2 and Appendix D ) .  

Hypothetical s t r a t i f i ed  random sampl ing programs were developed t o  sampl e the age 
compositions and count escapements1. One catch sample of 600 f i sh  i s  taken each 
fishing period (each week) t o  get estimates of age composition of the catch. Six 
samples of 500 f ish each and f ive samples of 600 f ish each are taken from the rivers 
of No Return and Styx, respectively. Escapements t o  each river are  estimates from 
expanded tower counts of ten minutes in length once every hour 24 hours a day for  
the en t i re  season. Because the values in the hypothetical example are generated, 
they lack the random variation observed in actual s i tuat ions,  and their  variances 
(Table 5.1 ) are  smaller than can be expected for  actual si tuations.  

The comparative s t a t i s t i c s  between the allocation scheme for Bristle Bay made with 
the Pooled method and the true s p l i t  among the catch shows that  the allocations 
are biased (Table 5.2 and 5.3). Relative bias ranged from a 6% deviation for  two- 
ocean salmon from the River Styx t o  13% for  three-ocean salmon from the River of 
No Return. Exploitation rates are highest for  younger f ish from the River of No 
Return and lowest for  older fish of the same River. 

Bias in allocation caused by poor sampling for  age composition and by dissimilar 
exploitation rates are evident in Table 5.3. The hypothetical sampling program 
of the escapement to  the River Styx i s  inadequate t o  precisely estimate the rapidly 
changing age composition, and subsequently the strength of two-ocean f ish t o  that 
r iver i s  underestimated by 6%. And because two-ocean fish f a r  outnumber three- 
ocean f ish in th i s  r iver ,  the small bias for  the former age group becomes a 54% 
bias in the estimate of escapement for the l a t t e r  group. In the River of No Return, 
the hypothetical sampling program i s  sufficient to keep the estimates of age compo- 
si  tion within 5% of the i r  true values. 

The sampl ing-induced bias occludes the bias in the allocations caused by dissimi- 
l a r  exploitation rates .  When one run i s  more heavily exploited than another, 
salmon in the catch are incorrectly allocated t o  the other run. Bias for the more 

These sampling programs are provided solely t o  demonstrate the procedures for 
catch allocation and are n o t  an adequate sampling design for th is  hypothetical 
resource. 
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( e x a c t  s t a t i s t i c s ) .  
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Figure 5.2 Hypothetical catch by age from Bristle Bay (exact s t a t i s t i c s ) .  



Table 5.1. Escapements, catches,  and sampling information f o r  the hypothetical 
f i she ry  in B r i s t l e  Bay. Fishing periods correspond t o  the  sampling 
s t r a t a .  Variances of escapements a re  from simulated p a r t i a l  counts 
from towers; CVs f o r  pa r t i a l  counts approximate 2% as  l i s t e d  in  
Becker ( 1  9 6 2 ) .  Percents correspond t o  P i j h ,  numbers caught o r  
escaped t o  c -  .k or  E -  jh, variances t o  v [ E - ~ ~ I ,  sampl ing periods 
t o  h o r  k ,  and number of f i s h  sampled t o  N j h  O r  ~ k .  

Comt & r e n t  Nunber Variance of 
& r i d  Fishing Periods Nmber of Fish 4 5 4 5 Qugbtor NunberCaught 
Nunber Sanpling Periods Sanpled 2 2 2 2 Esca~ed or Esca~ed 

River Styx Escapments 
1 6/1-27 600 0 600 0 100 63,236 567,015 
2 6/B-7/6 60" 0 600 0 100 268,565 38,588,372 
3 7/7-15 600 533 67 89 11 979,733 407,194,400 
4 7/16-24 600 600 0 100 0 995,031 427,892,768 
5 7/ 25-3 1 600 600 0 100 0 455,938 7,259,968 

Escapements t o  River cd No Return 
1 6/1-12 500 
2 6/U-19 500 
3 6/20-26 500 
4 6/27-7/3 500 
5 7/4-10 500 
6 7/ll-17 500 

Catch 
1 6/8-11 600 



Tab1,e 5 . 2 .  Allocat ion scheme f o r  t h e  hypothet ical  f i s h e r y  in  B r i s t l e  Bay made 
with t h e  Pooled method. The var iances  f o r  estimated escapements 
a r e  ignored t o  make a l l o c a t i o n s  based on known escapements. 

Escapment s t o  River Styx : 

Known Estimated --------- 

E s c a p e n t s  t o  the River of No Return: 

Known 
-.-- 

Estimated 
-- ------- 

Catches : 
.. 
Ci 

Kiver Styx 
Al.l.lr;ication I Return 

River of No Return 
Allocation IReturn 

Standard Errors (Escapement Knmn) : 

Standard Errors (Escapement Estimated) : 



Table 5.3.  Effec t  of imprecision in the  es t imates  of escapement age composition 
in  t h e  hypothetical f i s h e r y  in  B r i s t l e  Bay on a l l o c a t i o n s  made with 
the  Pooled method. 

..................................................................... 
Age River Styx River of No Return .......................................................................... 

E s t i m a t e ~  vs. a c t u a l  cat_& bv age by river: 
' i j  l c i j  S i j  I C i j  ------- ------ 

42 1,613,012 I 1,523,053 228,5311 256,251 
52. 196,4751 213,544 299,3691 344,539 

Rela t ive  b i a s  i n  est imated ca tch  by age by r i v e r  vs. e x p l o i t a t i o n  r a t e  by age  
by r ive r :  

B .  1 J I v i j  ~ i j  Iuij 

Estimated vs. a c t u a l  escapement by age by r iver :  
Ei j  I ~ i j  'ij I ~ i j  ------- ------ 

42 2,322,931 12,476,147 329,112 1343,629 
52 439,572 1286,356 669,778 1655,261 

Rela t ive  b i a s  i n  e s t ima tes  of escapement by age by r ive r :  
( E ~  j - ~ i  j ) / E  . 

* 

1 I ( E i  j - E i  j )  /Ei j  ---------- --- ----------- - 
42 -.06 -.04 
52 .54 .02 

Rela t ive  b i a s  i n  est imated ca tch  by age by r i v e r  with est imated and w i t h  
a c t u a l  escapments  by age by r ive r :  

B i j  B i  j  
E st imateu 1 Actual Estimsted IActual ------ -me--- 

42 +.06 1+.06 -.I11 -.I2 
52 -.08 1 -.21 -.13 1+.13 



exploited run i s  negative, while bias f o r  the l ess  exploited run i s  posi t ive .  
When the known escapements and catches a re  used in  the a l locat ion instead of 
t h e i r  est imates,  the bias caused by sampling i s  removed from the a l loca t ion ,  
and only the bias caused by diss imi lar  exploitat ion ra tes  remains (Table 5.3) .  
When the sampling-induced bias in escapements i s  removed, the biases a re  exactly 
as predicted by Eq. 4.14. The sampling-induced bias in t h i s  example has l i t t l e  
e f fec t  on two-ocean f i s h ;  the three-ocean f i sh  a re  the more affected group. 

The catch a l locat ion scheme made with the Difference method i s  a l so  biased 
(Table 5.4 and 5 .5 ) .  The two-ocean age c lass  from the River Styx i s  al located 
too many f i sh  while a l l  other age groups a re  al located too few. When the 
exploitat ion r a t e  on a major component of the run i s  low re la t ive  t o  the r a t e s  
on the other components, the Difference method pul ls  f i sh  away from the other 
components. I f  exact s t a t i s t i c s  on escapements a r e  used, the biases decline b u t  
have the same general pattern.  And i f  exact s t a t i s t i c s  on both catches and 
escapements a r e  used, the biases a re  reduced fu r the r  b u t  a re  s t i l l  present. 

The average bias in the r e su l t s  from the Difference method declines as  the pre- 
cision of i t s  inputs improves while no such advantage occurs f o r  r e su l t s  from 
the Pooled method (Tables 5 .6-7) .  The absolute values of the r e l a t i ve  biases 
when averaged within each a l locat ion scheme drop from 28% to  1 2 %  fo r  the Difference 
method b u t  vary only from 1 2 %  t o  10% t o  13% f o r  the Pooled method. Increases in 
precision and accuracy of sampling programs improve the efficacy of the Difference 
method, b u t  only t o  the level a t ta ined with the Pooled method. 

Lynn Canal 

The d r i f t  g i l l  net f i shery  in  Lynn Canal, an arm of the Paci f ic  Ocean in South- 
eastern Alaska, captures sockeye salmon bound fo r  the Chilkat and the Chilkoot 
Rivers (Figure 5 .3) .  In 1982, most ear ly  catches in the f ishery  were f i sh  aged 
5, with other age groups, mostly 4,, 6,y and 5,, making u p  l a t e r  catches (Table 
5.8 and Figure 5 .4) .  Management of the f ishery  was desiqned to ensure escapements 
and was conducted through time and area closures f o r  a f l e e t  t ha t  grew as  the  
season progressed (Figure 5.5) .  Sampling programs a t  local canneries were used 
t o  estimate the age composition of the catch. Sockeye salmon surviving the f i sh -  
ery passed through weirs on both r ive rs  and were a l l  counted. Sampling programs 
a t  each weir were used t o  estimate the age composition of escapements. The run of 
sockeye salmon to  Chi 1 kat Lake was composed equally of f i sh  aged 5,, 5,, and 6,, 
while the r u n  t o  Chilkoot Lake was composed of two par ts  f i sh  aged 5, and one par t  
4, (Figure 5.6) .  Both runs reached the f ishery  a t  about the same time. Travel 
times between the f ishery  and the lakes was about 5 days fo r  the Chilkoot run and 
about 30 days fo r  the Chilkat. Fish passed through the weir on the Chilkoot River 
with biomdal frequency and through the weir on the ou t l e t  of Chil kat Lake spora- 
d ica l ly  (Figure 5 .6) .  A1 though the migrational per iodic i ty  a t  Chil koot weir was 
probably due t o  the migrational timing of two stocks in the run, the per iodic i ty  
a t  Chilkat weir was due t o  physical f ac to rs .  After frequent,  intense r a i n f a l l s  
the Tsirku River overflowed in to  the ou t l e t  from Chilkat Lake causing the flow to  
reverse through the weir f o r  a few days a t  a time. While the flow was reversed, 
no f i s h  passed through the weir. 

Scale pattern analysis  with l inear  discriminant functions has been used fo r  sev- 
eral  years t o  separate catches of sockeye saloon in Lynn Canal according to  t h e i r  



Table 5 .4 .  Allocation scheme f o r  the  hypothetical f i she ry  in B r i s t l e  Bay made 
w i t h  the  Difference method. 

__-_------___--__------------4------------------------------------------- 

Escapements t o  River Styx: 

Escapements t o  the River of No Return: 
A 

P . .  
h 

1 I v[Pi j l  

Catches: 

........................................................................... 
River S tyx River of No Return 

Allocation IReturn 
* A  

ci Ini 

Standard Errors (Escapement Knwn) : 

Standard Errors (Escapanent Estimated): 



Table  5.5. E f f e c t  of i m p r e c i s i o n  i n  t h e  es t ima tes  of escapement age composi- 
t i o n  i n  t h e  h y p o t h e t i c a l  f i s h e r y  i n  B r i s t l e  Bay on a l l o c a t i o n s  made 
w i t h  t h e  D i f f e r e n c e  method. 

...................................................................... 
Age River Styx River of No Return 
-----------------------.----------------------------------------------- 

Estimated vs. actual  ca5c.l. by aqe tv river: 
C 1c i j  

A 

1 I -- ----"- ~ i j  [ c i j  ----- 
42 1,762,257 11,523,053 79,604 1256,251 
52 162,353 1213,544 333,17 4 1 344,539 

Relative bias  i n  estimated catch by age by river vs. exploitation ra te  by age 
by river: 

Bij I u i j  B i j I u i j  ------ - --- -- 
42 .16 I .38 -.691 .47 
52 -.24 1.43 -.03 1.34 

Estimated vs. actual  escayriient by age by river: 
iij lEij .?, . E~~ ----- 11 ------ 

42 2,322,9311 2,476,147 329,112 1343,629 
52 439,5721 286,356 669,778 1655,26 1 

Relative bias i n  estimates of escapement by age by river: 
(Ei , -~i j ) / ~ i  j  (Gi j - ~ i  / E i  j  ----------- ---ma------ 

42 -.06 -.04 
52 .54 .02 

Relative bias i n  estimated catch by age by river w i t h  estimated and with 
a c t u a l  escapments k ~ l 7  aye\ by river : 

B i j  B i  j  
E st i m a w  1 fict dai Estimated [Actua l  

--me-- ------ 
42 t .16 1 + .ll -.691-.39 
52 -.241-.07 -.03 1 -.13 



Table 5 .6 .  Relative biases in allocations from the Pooled and the Difference 
methods when exact s t a t i s t i c s  on catches and escapements t o  Bristle 
Bay are used. 

Actual escapement by age by r ive r  and a c t u a l  proport ion by age  wi th in  
each escapment : 

River Styx River of N o  Return 
E~~ I P  . 11 Ei j (pi j ------ ------ 

42 2,476,147 1 .895 343,629 1.344 
52 286,356 1 . lo5 655,261 1.656 

Actual ca tch  by age and a c t u a l  proport ion by age of the  catch: 

Actual and est imated ca tch  a l l o c a t i o n s  by age by r i v e r  with a c t u a l  ca tches ,  
escapments ,  and t h e i  r p r o p r t i o n s  : 

Pooled lDif f erence IActual Pooled lDif f erence [Actual ............................ ...................... 
42 1,562,471 11,583,208 /1,523,053 216,833 1195,543 1 256,251 
52 169,7191 185,740 1213,544 388,3641 372,8961 344,539 

Rela t ive  b i a s  i n  est imated ca tch  by age by r i v e r  w i th  a c t u a l  ca tches ,  
escapements, and t h e i r  proport ions:  

Bi j 

Pooled j S i t  f erence Pooled l Diff erence ----- 
-.15 1 -.24 
+ .13 1 -.08 



Tab le  5.7. Average a b s o l u t e  v a l u e s  of r e l a t i v e  b i a s e s  i n  a l l o c a t i o n s  f rom t h e  
Poo led and t h e  D i f f e r e n c e  methods w i t h  d i f f e r e n t  l e v e l s  o f  accu racy  
on c a t c h  and escapement s t a t i s t i c s  f rom B r i s t l e  Bay. 

Actual s ta t is t ics  

Actual escapanent stati sties/ 
estimated catch s ta t i s t i cs  

Pooled Difference 

Estimated s ta t i s t i cs  .12 .28 
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Figure  5 .3  Map o f  Lynn Canal w i t h  i n s e t  o f  S o u t h e a s t e r n  Alaska .  
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Table  5.8. Escapements, c a t c h e s ,  and sampling in format ion  f o r  t h e  d r i f t  g i l l  
n e t  f i s h e r y  f o r  sockeye salmon i n  Lynn Canal.  F i sh ing  and sampling 
p e r i o d s  a r e  cons idered  s t r a t a .  Data a r e  from McPherson e t  a1 . (1983) .  

Count 
Period Fishlng Per lads Nurnkr  of Fish 5 Others 
Nmber S m p l  lng Periods S m p l  ed 2 

Percent Number 
5 Others Caught or 

2 Escaped 

Esca ments t o  Chilkoot River P" 560 51 8 42 92.5 7.5 33,06 3 
2 
3 Z Z 2  13 5 %3 177 

75.g 24.3 35,505 
68. 31.5 34,405 ------ 

merits t o  Chilkat River 
102,973 

Escape 58 2 190 392 
2 

32.6 67.4 
51 6 

20,691 

3 
9 507 

517 
1.7 98.3 24,404 

9 508 1.7 98.3 35,126 ------ 
80,221 

Catch 
1 3 20 302 26 94.4 5.6 2,370 
2 3 21 
3 

277 44 86.2 13.8 
33 3 

6,181 

4 
286 47 85.9 14.1 8,023 

5 
328 281 47 85.7 14.3 
33 4 

8 ,399 

6 
290 44 

36 9 
86.8 13.2 

320 49 
8,386 

7 350 
86.8 13.2 12,622 

8 
259 91 74.0 26.0 47,954 

9 
43 4 247 187 56.9 43.1 55,736 

1 0  
11 

iii 
52 7 

83 231 
168 359 

%4:5 %:I 38:t!4 
31.9 68.1 

1 2  
24,512 

353 34 319 
13 

9.6 90.4 
285 

11,429 
110 175  

14 
38.6 61.4 

47 1 
2,734 

23 448 4.9 95.1 2,331 
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Figure 5 .4  Catch by age o f  sockeye salmon in the d r i f t  q i l l  net f i shery  in 
Lynn Canal during 1982. Numbers along abscissa a r e  s t a t i s t i c a l  
weeks . 
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Figure 5.5 Fishing ef for t  by s t a t i s t i ca l  week in 1982 in the d r i f t  g i l l  net 
f ishery for  sockeye salmon in Lynn Canal during 1982. Numbers 
along the abscissa are s t a t i s t i ca l  weeks. Letters in the columns 
are the subdistricts in Distr ic t  15 open that  week. 
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Figure 5 .6  Escapements by age of sockeye salmon in to  the Chilkat and the Chilkoot 
Rivers in 1982. 
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r i v e r s  of o r i g i n .  In 1982, McPherson e t  a l .  (1983) divided t h e  catch according 
t o  age and a l loca ted  the  catch of f i s h  aged 5, with l i n e a r  discr iminant  ana lys i s .  
The f i s h e r y  t h a t  year  harvested 131,861 sockeye salmon bound f o r  the Chilkoot 
River and 23,092 bound f o r  t h e  Chilkat  River.  Although variances f o r  these  f i g -  
ures  a r e  not given,  90% confidence i n t e r v a l s  f o r  t he  r u n  f r a c t i o n s  of Chilkoot 
f i s h  f o r  each s t a t i s t i c a l  week were ca lcula ted  according t o  methods described in  
Pe l la  and Robertson (1979). Although they a r e  not variances of t he  a l l o c a t i o n ,  
the  weighted average of confidence i n t e r v a l s  i n  McPherson e t  a l .  (1983, Table 11, 
p .  25) approximates a  90% confidence in t e rva l  f o r  t h e  a l loca t ion .  The weighted 
average of t he  confidence i n t e r v a l s  f o r  1982 i s  t 6% f o r  both a l l o c a t i o n s .  

For t h i s  example, r e s u l t s  of s c a l e  pa t t e rn  ana lys i s  f o r  1982 a r e  assumed t o  be 
the  "known" when compared aqa ins t  a l l o c a t i o n s  made with the  Pooled and with 
the  Difference methods. Because McPherson e t  a1 . (1983) d i r e c t l y  a1 located only 
f i s h  aged 5,, the  catch and escapements i n  t h i s  exaniple a r e  divided i n t o  age groups 
5, and Others. Table 5.8 contains catch and escapement information used in  the 
Pooled and in  the  Difference methods of catch a l l o c a t i o n .  

When compared with a l l o c a t i o n s  made with s c a l e  pa t te rn  ana lys i s ,  the a l l o c a t i o n s  
made with the  Pooled method a r e  7% too high f o r  t he  Chilkoot River and 42% too 
low f o r  t h e  Chi 1 kat (Table 5.9-10). Fish headed f o r  the  Chi 1 kat  River a r e  more 
explo i ted  than those headed t o  the  Chilkoot ,  and as  predicted i n  Section 4 and 
shown i n  t h e  hypothetical B r i s t l e  Bay example, the  l e s s  explo i ted  run i s  a l loca ted  
too many f i s h  a t  the  expense of t h e  more explo i ted  run. The a l l o c a t i o n  of f i s h  
aged 5, t o  t h e  Chilkoot River i s  140,818 f i s h  with a  2,242 f i s h  standard e r r o r .  
Because the escapement i s  completely counted, V [ E . ~ I  = o which probably accounts 
i n  p a r t  f o r  t h e  exce l l en t  prec is ion  of t he  a l l o c a t ~ o n  -- t he  c o e f f i c i e n t  of v a r i -  
a t i o n  (CV) i s  1 .6%. The a1 loca t ion  t o  the  Chil kat River i s  13,481 with a  s tandard 
e r r o r  of 779 (CV = 5.8%).  Assuming t h a t  both a l l o c a t i o n s  a r e  normally d i s t r i b u t e d ,  
the  90% confidence i n t e r v a l s  around the a l l o c a t i o n s  t o  t h e  Chilkoot River and t o  
the  Chi 1 kat River a r e  +3% and 510% of the  a l l o c a t i o n s ,  r e spec t ive ly .  

Allocat ions made with the  Difference method, 1 i  ke those from the  Pooled method, 
a r e  too high f o r  t h e  Chil koot River (9%) and too low f o r  the  Chil kat River (61%) 
(Table 5.11-12). The Chilkoot River i s  a l loca ted  144,058 with a  s tandard e r r o r  
of 3,426 ( C V  = 2.4%),  and the Chilkat  River i s  a l loca ted  9,117 f i s h  with a  standard 
e r r o r  of 223 f i s h  ( C V  = 2.4%). Again, the s tandard e r r o r s  of the  a1 loca t ions  a r e  
small because of  t he  complete escapement counts on both r i v e r s .  Assuming both 
a l l o c a t i o n s  a r e  normally d i s t r i b u t e d ,  90% confidence i n t e r v a l s  around the  a l loca -  
t i o n s  t o  the  Chil koot River and t o  the  Chil kat River a r e  both +4% of t h e i r  a1 loca- 
t i ons .  

The a l l o c a t i o n s  made with s c a l e  pa t t e rn  ana lys i s ,  the  Pooled method, and the  
Difference method a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  Chilkoot River but  a r e  
gross ly  d i f f e r e n t  f o r  t he  Chil kat (Table 5.1 3 ) .  While the  confidence i n t e r v a l s  of 
the  low and high a l l o c a t i o n s  t o  the  Chilkoot River over lap ,  none of t he  confidence 
i n t e r v a l s  f o r  a1 loca t ions  t o  the  Chil kat  River do. 

Although the  Pooled and the  Difference methods produced a l loca t ion  schemes with 
exce l l en t  p rec i s ion ,  these  schemes had poor accuracy. Both methods a l loca ted  
too many f i s h  t o  the  l e s s  explo i ted  (u = -62)  and l a r g e r  (85%) Chil kat run a t  
the expense of t he  smaller  (15%) and more explo i ted  ( u  = .75) Chil kat run. Why 



Table 5.9.  A 1  loca t ion  scheme f o r  t h e  1982 Lynn Canal f i s h e r y  f o r  sockeye salmon 
made with the  Pooled method. Information on ca tches ,  escapements, 
and t h e i r  age compositions a r e  from McPherson e t  a l .  (1983). 

Escapements a t  the weir on the Chilkoot River : 

52 
Others 

Esca~pments a t  the weir on the Chilkat River: 

52 
Others 

Catches i n  the  Lynn Canal g i l l n e t  f ishery: 

52 154,299 
Others 118 ,50 9 

Chi1 koot River 

52 140,818 122L,846 
Others 27,547 149,492 

Stanuard Errors: 

52 2,242 12,514 
Others 1,1091 2,034 

Chilka t River 
Allocation(Return 

h A 

Ci j I R ~  --------------- 



Table 5.10. E f f e c t  o f  imp rec i s i on  i n  t h e  es t imates  o f  escapement age composi t ion 
i n  t h e  d r i f t  g i l l  n e t  f i s h e r y  f o r  sockeye salmon i n  Lynn Canal d u r i n g  
1982 on a l l o c a t i o n s  made w i t h  t h e  Pooled method. A l l o c a t i o n s  were 
made w i t h  the Pooled method and were compared w i t h  a1 l o c a t i o n s  made 
w i t h  sca le  p a t t e r n  a n a l y s i s  as r epo r t ed  i n  McPherson e t  a1 . (1  983). 
E x p l o i t a t i o n  r a t e s  a r e  c a l c u l a t e d  from a1 1  oca t ions  made from McPherson. 
Because McPherson a l l o c a t e d  o n l y  t h e  ca tch  of sockeye salmon aged 5,, 
no o the r  age groups a r e  represen ted  i n  t h e  t a b l e .  

Age Ch il koot River Chilkat River 

Pooled method vs. sczde p t t e r n  analysis: 
Ci j Icij ----- Sij Icij --.---- 

52 140,8181131,861 U ,481 123,092 

Relative bias i n  es tmated  catch by age by river vs. exploitation ra te  by age 
by river: 

BijIuij B .  Iuij ------ 1 J  ----- 
52 +.07 1.62 -.42 1.75 



Table 5.11. Allocat ion scheme f o r  the 1982 Lynn Canal f i s h e r y  f o r  sockeye salmon 
made with t h e  Difference method. Information on ca tches ,  escapements, 
and t h e i r  age compositions a r e  from McPherson e t  a l .  (1983). 

................................................................ 
Escapnents a t  the welr on the Chilkoot River: 

52 
Others 

Escapnents a t  the weir on the Chilkat River: 

52 
Others 

Catches i n  the Lynn Canal g i l l n e t  fishery: 

52 
Others 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cki 1 koot River Qnilkat River 

Allocation :Return Allocation !Return 

52 144,058 1 225,086 
Others 38 ,294 1 60,239 

Standard Errors: 

52 3,426 14,093 
Others 622 11,109 



Table 5.12. Effect of imprecision in the estimates of escapement age composition 
in the d r i f t  g i l l  net fishery for  sockeye salmon in Lynn Canal during 
1982 on a1 locations made with the Difference method. A1 1 ocations were 
made with the Difference method and were compared against allocations 
made with scale pattern analysis as reported in McPherson e t  a l .  
(1983). Exploitation rates are ca1 cul ated from a1 locations made from 
McPherson. Because McPherson allocated only the catch of sockeye 
salmon aged 5,, no other age groups are represented in the table.  

.................................................................... 
Age Chilkoot River Chilkat River 

Difference method vs. scale pattern analysis: 
;. . l c .  . 

13 13 -"----- 

Relative bias i n  estimated catch by age by river vs. exploitation ra te  by age 
by river: 

Bij juij Bi j l"ij ------ ---- 



Table 5.13. Relative biases in allocations from the Pooled and the Difference 
methods when compared with exact s t a t i s t i c s  from the return t o  Lynn 
Canal in 1982 as generated with scale pattern analysis from McPherson 
e t  a1 . (1983). Because McPherson allocated only the catch of sockeye 
salmon aged 5,, no other age groups are represented in the table. 

Actual and estimated catch allocations by age by river with actual  catches, 
escapements, and t h e i r  propartions: 

Chilkoot River Chilkat River 

Pooled 1 Diif erence 1 Scales Pooled lDif f erence IScales ........................ ..................... 
52 140,818 1 144,058 1131,861 13,481 19,117 123,092 

Relative bias i n  estimated catch by age by river with actual  catches, 
escapements, and their proportions: 

B i  j 

Pooled 1 Difference ----- 
+.07 l+.09 

Pooled 1 Difference ------ 
-.42 1 -.61 

Overlap i n  90% confidence in tenra l s  of the allocations: 

Scale pattern analysis  *--- 
Pooled method * - ,  
Difference method -,-*- 

Chi1 koot 
River 

Scale pattern analysis  
Pooled method ,,-,* ----- Chi1 ka t 
Difference method -,,*- River 



the  C h i l k a t  r u n  o f  5, age f i s h  was more e x p l o i t e d  i n  1982 than  t he  C h i l k o o t  r un  
i s  n o t  c l e a r  from t h e  data presented i n  McPerson e t  a l .  (1983) .  Even though t h e  
runs take severa l  months t o  pass through t h e  f i s h e r y  and t he  f i s h e r y  i s  opened 
r e g u l a r l y  3-5 days a  week, t he  area c l osu res  and t h e  growth i n  f l e e t  e f f o r t  (F i g -  
u r e  5.5)  d u r i n g  t h e  season a lonq  w i t h  s l i g h t  d i f f e r e n c e s  i n  m i g r a t o r y  t i m i n q  a re  
p robab ly  t h e  cause of  t h e  s u b s t a n t i a l  d i f f e r e n c e  i n  e x p l o i t a t i o n  r a t e s .  Because 
t h e  r u n  of  5, aged f i s h  t o  t h e  C h i l k o o t  R i v e r  i s  much b i gge r  than t h e  o t h e r  run ,  
t he  a l l o c a t i o n  t o  i t  has smal l  b i a s  w h i l e  t h e  a l l o c a t i o n  t o  the  Chi1 k a t  R i v e r  has 
l a r g e  b ias .  

6 .  DISCUSSION 

O f  t h e  two methods o f  a l l o c a t i n g  catches based on t h e  age composi t ion o f  escape- 
ments, which i s  b e t t e r ,  t h e  Di f ference o r  t h e  Pooled method? The Pooled method 
appears t h e  b e t t e r  o f  t h e  two because i t  i s  l e s s  s e n s i t i v e  t o  commonly o c c u r r i n g  
c i rcumstances: gear s e l e c t i v i t y ,  d i f f e rences  i n  age composi t ions,  and sampl ing 
programs t h a t  p rov i de  imprec ise  est imates.  

The Pooled method w i l l  always p rov i de  an a l l o c a t i o n  scheme w h i l e  under some c i r -  
cumstances t h e  D i f f e r e n c e  method w i l l  no t .  If the re  a r e  more runs than  age groups 
i n  a  f i s h e r y ,  t h e  D i f fe rence  method w i l l  n o t  work. A lso,  some d i f f e r e n c e  i n  the  
age composi t ions inust e x i s t  before the  Di f ference method can be used. And these 
d i f f e r e n c e s  must be s i g n i f i c a n t ;  any d i f f e r e n c e  between age composi t ions must be 
g r e a t e r  than t h e  p r e c i s i o n  of  t h e i r  es t imates  i f  a l l o c a t i o n  schemes f rom the  
D i f f e r e n c e  method a re  t o  be meaningfu l .  

When d i f f e rences  between age composi t ions a r e  smal l ,  t he  p r e c i s i o n  o f  t h e  a l l o c a -  
t i o n s  f rom t h e  D i f f e rence  method i s  poor.  Note t h a t  t h e  equa t ion  f o r  t h e  va r iance  
o f  t h e  a l l o c a t i o n  (Eq. 3.21) con ta i ns  t h e  r e c i p r o c a l  o f  the d i f f e r e n c e  between 
f r a c t i o n s  squared. As t h e  d i f fe rence  ge t s  sma l l e r ,  t h e  va r i ance  w i l l  i n c rease  
q u a d r a t i c a l l y .  The Pooled method has no s i m i l a r  behav io r .  

The accuracy of  a l l o c a t i o n  schemes from t h e  Pooled method i s  l e s s  s e n s i t i v e  t o  
t h e  q u a l i t y  o f  sampl ing programs f o r  age composi t ion than i s  t h e  accuracy f rom 
t h e  D i f f e r e n c e  method. E r r o r s  i n  e s t i m a t i n g  t h e  age composi t ions o f  escapements 
a re  doubly  t roublesome f o r  t h e  D i f fe rence  method. Est imated age p ropo r t i ons  a r e  
used t w i c e  i n  t h e  Di f ference method, once t o  es t ima te  t h e  p r o p o r t i o n  o f  t he  ca tch  
des t ined  f o r  a  s p e c i f i c  r i v e r  and aga in  t o  p a r t i t i o n  those f i s h  i n t o  age groups. 
The accuracy o f  t h e  D i f f e r e n c e  method can be improved w i t h  b e t t e r  ca tch  and escape- 
ment sampl ing programs, a l though  t h e  h y p o t h e t i c a l  example i n d i c a t e s  t he  improvement 
i s  l i m i t e d  t o  about  t h e  l e v e l  o f  accuracy ob ta ined  w i t h  t h e  Pooled method. U n l i k e  
t h e  o t h e r  method, t h e  Pooled method uses numbers, n o t  p ropo r t i ons ,  which lessens 
t h e  impact o f  i naccu ra te  es t imates  by  we igh t i ng  each ~ r o p o r t i o n  by t h e  magnitude 
o f  i t s  escapement and by "averag ing"  i naccu ra te  i n f o rma t i on  from inadequate 
escapement and ca t ch  sampl ing programs w i t h  i n f o r m a t i o n  f rom adequate programs 
t o  determine t h e  denominator i n  t he  method (ii.). 

The Pooled method i s  l e s s  s e n s i t i v e  t o  t h e  e f f e c t  o f  gear s e l e c t i v i t y  on t h e  age 
composi t ion o f  t h e  escapement than i s  t h e  D i f f e r e n c e  method. A l l o c a t i o n s  from the  
Pooled method f o r  each age group a r e  c a l c u l a t e d  independent ly  o f  a l l o c a t i o n s  f o r  
t h e  o the r  age groups w h i l e  a l l o c a t i o n s  f rom t h e  D i f fe rence  method a re  no t .  Only 



when there i s  l i t t l e  or no gear select ivi ty  or when f ish from different runs of 
the same age are significantly different in size will the Pooled method lose th i s  
advantage over the Difference method. 

And f ina l ly ,  the Pooled method i s  easier to understand. The premise behind the 
Pooled method i s  simple: i f  X% of the escapement of f ish of age Y are in run Z, 
X% of the f ish of age Y in the catch are members of run Z .  The bias in the Pooled 
method i s  also obvious: i f  a l l  the fish of aqe Y headed for run Z are caught, 
X=O and no f ish of age Y are  allocated to run Z .  This obvious bias in the Pooled 
method and the apparent lack of bias in the Difference method has largely resulted 
in a preference for the l a t t e r  method. 

A 1  t h o u g h  the Pooled method i s  better than the Difference method, i t  i s  s t i l l  not 
an adequate method when exploitation rates are not the same for a l l  runs, which 
unfortunately occurs quite often. If a l l  runs have the same timing and are com- 
pletely mixed over the fishing grounds, the exploitation rates must be the same 
for a1 1 runs and the Pooled method provides unbiased a1 locations (provided the 
escapement and catch sampl ing programs are adequate). For the Difference method 
t o  provide accurate a1 locations, a l l  of these conditions must hold and in addition 
there must be no gear select ivi ty .  If runs have different miqratory timing, 
exploitation rates can s t i l l  be the same for a l l  runs i f  the fishing ef for t  i s  
constant throughout the season (and of course no gear select ivi ty  occurs i f  the 
Difference method i s  to be used.) Unfortunately, migratory timing i s  usually 
different for different runs as i s  the timing of age groups within runs. And con- 
s tant  fishing ef for t  permits no la t i tude in management of the fishery which i s  an 
unacceptable condition. In f ac t ,  any management policy t o  exploit one run greater 
than another wi l l ,  i f  successful, create different exploitation rates for differ-  
ent runs and wi 11  make any a1 location of catch with the Pooled or Difference methods 
biased. 

If the Pooled method should not be used in some circumstances, in what circumstances 
can i t  be used with minimal bias? F i r s t ,  the bias in allocations can be corrected 
for a fishery in which the exploitation rates ,  fishing e f fo r t ,  and catchability 
information i s  known independently of age composition. The "Catch-22" in these 
circumstances i s  that  i f  the exploitation rates are known, the allocation i s  a 
simple division of the number escaped and the complement of the exploitation ra te ;  
the Pooled method i s  not needed. 

Second, bias in allocations could be negligible when the fishery i s  periodic with 
constant e f for t  and fishes on a ser ies  of runs that  take a long time to pass t h r o u g h  
the fishing grounds. For instance, i f  a fishery has 100 boats that  fish on Mondays 
and Thursdays for  36 hours each period, each run i s  exposed t o  the same ef for t  and 
suffers about the same exploitation rates.  B u t  i f  gear i s  changed during the f i sh-  
ing season, the effective e f fo r t  will change and so will be exploitation rates i f  
migratory timing i s  different among the runs. Also, i f  runs quickly pass through 
the fishing grounds, the days they pass through relat ive t o  fishing dates will 
greatly change their  exploitation rates .  For instance, i f  two runs pass through 
a t  different times, each taking five days, one run could pass between two fishing 
periods and not be fished while the other pass through during a period and be fished. 
I f  the runs are drawn out, this  potential problem i s  minimal. The g i l l  net fishery 
in Lynn Canal i s  a counterexample. The runs of, sockeye salmon passed slowly through 
Lynn Canal, and the fishery opened regularly, yet exploitation rates were different 
between the runs and the Pooled method gave biased allocations. The ef for t  in the 



Lynn Canal f i s h e r y  changed i n  magnitude and i n  area of a p p l i c a t i o n  as t h e  season 
progressed i n  1982. If t h e  Pooled method i s  t o  g i v e  a l l o c a t i o n s  w i t h  smal l  b i a s  
i n  these circumstances, management must be minimal (few area c l osu res )  and e f f o r t  
must be constant .  

Th i r d ,  b i a s  i n  a l l o c a t i o n s  w i l l  be smal l  when t h e  f i s h e r y  i s  sma l l .  I f  o n l y  a  
smal l  p o r t i o n  o f  t h e  runs a re  taken, any e f f e c t  t h e  f i s h e r y  w i l l  have i n  t he  age 
composi t ion of t he  escapement w i l l  be min imal .  As a  r u l e  of thumb, t he  b i a s  w i l l  
be n e g l i g i b l e  i f  t h e  e x p l o i t a t i o n  r a t e  i s  15% o r  below (see F i g u r e  4.1).  

And f i n a l l y ,  t h e  Pooled method w i l l  p r o v i d e  a l l o c a t i o n s  w i t h  n e g l i g i b l e  r e l a t i v e  
b i a s  f o r  t h e  g r e a t l y  dominant r u n  i n  t h e  f i s h e r y .  Even when e x p l o i t a t i o n  r a t e s  
a r e  g r o s s l y  d i f f e r e n t ,  t h e  b i a s  i n  l a r g e  runs i s  r e l a t i v e l y  smal l ,  as i s  t h e  case 
f o r  t he  Lynn Canal example. However, t h e  r e l a t i v e  b i a s  f o r  t he  remain ing smal l  
runs  i s  huge. For  ins tance ,  t h e  Pooled method i s  n o t  a  bad cho ice  t o  a l l o c a t e  f i s h  
aged 5, i n  t h e  Lynn Canal f isher.y t o  t h e  C h i l k o o t  R i v e r  r u n  o f  sockeye salmon, b u t  
i t  i s  a  t e r r i b l e  cho ice  t o  a l l o c a t e  f i s h  o f  t h e  same age t o  t he  C h i l k a t  R i v e r  run. 
I f  i n  a  mixed-run f i s h e r y  one r u n  i s  always much l a r g e r  than  o the rs  w i t h i n  an age 
group, t h e  Pooled method can be used yea r  a f t e r  yea r  w i t h  l i m i t e d  b i a s  and no 
a l l o c a t i o n  made f o r  the sma l l e r  runs. Bu t  i f  t h e  dominance annua l l y  swi tches f rom 
r u n  t o  run,  t h e  Pooled method w i l l  c r e a t e  brood t a b l e s  f o r  each r u n  w i t h  a l t e r n a t -  
i n g  l a r g e  and smal l  b iases.  

I f  methods o f  a l l o c a t i n g  catches based on age composi t ion o f  escapements have these 
problems, why bo the r  w i t h  them a t  a l l ?  Because a l l  o t h e r  means o f  a l l o c a t i n g  
catches a l s o  have problems. Scale  p a t t e r n  a n a l y s i s  w i l l  work o n l y  when t h e r e  a r e  
d i f f e r e n c e s  i n  sca le  pa t t e rns .  Tagging programs a r e  expensive, work w e l l  o n l y  
when tags a re  d i s t r i b u t e d  o r  c o l l e c t e d  randomly w i t h  1  i t t l e  t a g  l o s s  and 1  i t t l e  
induced m o r t a l i t y ,  and r e l y  on some age composi t ion i n f o r m a t i o n  f rom escapements. 
And m i g r a t o r y  t i m i n g  s t u d i e s  r e q u i r e  t h a t  escapement enumeration occur  c l o s e  enough 
t o  f i s h e r y  t o  r e f l e c t  openings and c l o s i n g s  and r e q u i r e  age composi t ion i n f o rma t i on  
from escapements. There i s  no one b e s t  method f o r  a l l  f i s h e r i e s .  The b e s t  method 
i s  t h e  s imp les t  one t h a t  g i ves  t h e  b e s t  accuracy and b e s t  p r e c i s i o n  under t h e  c i r -  
cumstances. There w i l l  be measurement e r r o r  w i t h  a l l  methods. The o b j e c t i v e  i s  t o  
f i n d  t h e  combinat ion o f  methods t h a t  min imizes t h i s  e r r o r .  
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APPENDIX A 

The three FORTRAN subrout ines  i n  Appendix A c a l c u l a t e  va r i ances  and 
allocations based on estimates of age composit ions of ca tch  and escapement 
wi th  t h e  Pooled method. Subroutine VFRALL al locates  catch by age t o  rivers,  
estimates run sizes by age by r i v e r ,  and c a l c u l a t e s  t h e  var iance  of t hese  
a l l o c a t i o n s  and run sizes. Subroutines AGCMPl and AGCMP2 provide inputs (age 
a m p s i t i o n s  by age  and t h e i r  va r i ances  f o r  e i t h e r  the  ca t ch  or a s i n g l e  
r iver )  t o  VARALL. Both SCMP subroutines a r e  designed t o  use information £ran 
s t r a t i f i e d  random or s t r a t i f i e d  s y s t e m a t i c  sampl ing  programs f o r  a g e  
composition. AGCMPl requires known population sizes for each stratum (i.e., 
the catch or an e s c a p e n t  canpletely counted), and AGCMP2 requires es t imated  
population sizes and t h e i r  variances for  each stratum (i.e, expanded counts of 
an escapement). If an a l locat ion is  t o  be made from one ca t ch  t o  J r i v e r s ,  
t h e  AGCMP subrou t ines  are  c a l l e d  J+l times, once for  the catch and once for 
each river ; VARALL is cal led only once t o  make al locations and c a l c u l a t e  run 
sizes. For each of the J+l calls of PGCMP s u b r o u t i ~ s ,  call SCMP1 when age 
composit ions of t h e  i npu t  popula t ions  are known or c a l l  AGCMP2 when age 
composition of t h e  input population is estimated. L i s t s  of outputs, inputs, 
and de f in i t i ons  of v a r i a b l e s  are included a s  comment s ta tements  f o r  each 
subroutine.  These subroutines are designed t o  run on Microsof t' s FORTRAN-80 
Language imp1 anented on the VECTOR3 M i  crocanputer . 

!XIBRCUTINE VARAU (CI , C I J  , E I J ,  I X E ,  ISTK, R I J  ,VCI, VCIJ, VEIJ ,VRIJ) 
c----------------------------------------------- 
C "VARAWL" ALLOCATES CATCHES TO RIVERS BY AGE AND CALCULATES RUN 
C SIZE BY X E  BY RIVER AND 'IHEIR VARIMCES. INFUIS ARE CATCHES 
C BY AGE AND THEIR VARIANCES, ESCAPEMENTS BY AGE BY RIVER AND 
C AND ?HEIR VARIANCES, PJJFBm OF AGES, AND NMBER OF RIVERS. 
c------------------------------------------ 

DIMJNSICN C I  (10) ,CIJ(10,10) ,EI(10) ,EIJ(10,10) ,RIJ(10,10) 
DIMNSION VCI (10) ,VCIJ (10,lO) ,VEI (10) ,VEW (10,lO) ,VRIJ (10,lO) 

c---------------------------------------------------------- 
C CI (1) CATCH BY AGE I - INFUT 
C C I J  (I, J) CATCH BY PGE I BY RIVER J - CUTFUT 
C E I  (1 ESCAPEMENT BY AGE I FOR AWI RIVERS 
C E I J  (I, J) ESCAPEMENT BY PGE I BY RIVER J - INPUT 
C 1, J AGE, RIVER - SUBSCRIPTS 
C I X E  WMBER OF PGE GRCUPS - INPUT 
C ISTK NUM3ER OF RIVERS - INWT 
C R I J  (I, J) RUN SIZE BY PGE I FOR RIVER J - CXJTPUT 
C VCI (1) VARIANCE OF CATCH BY AGE I - INPUT 
C VCIJ  (I, J) VARIANCE OF CATCH BY PGE 1 BY RIVER J - CUTPUT 
C VEI (I ) VARIANCE OF ESCAPEMENT BY AGE I FOR AWI RIVERS 
C VEIJ  (I, J) VARIANCE OF ESCAPEMENT BY X E  I BY RIVER J - INHTT 
C VRIJ  (I, J) VARIANCE OF RUN SIZE BY AGE I FOR RIVER J - CUTWT 
c----------------------------------------------- 
C FIND ESCAPEMENT BY AGE AND ITS VARIANCE 



DO 2 0  J= l , ISTK 
TO=EIJ ( I ,  J ) / E I  ( I )  
T 1  =TO *TO 
T~=VEIJ(I,J)/EIJ(I,J)/EIJ(I,J) 
m=m1 ( I ) / E I  ( I ) / E I  ( I )  
T~=VEIJ(I, J)*~./EIJ(I,J)/EI ( I )  
VE W E I =  (T2+T3-T4) *T1 

c---------------------------------------------- 
C FIND 'IHE ALLOCATICN AND THE RON S I Z E  
c---------------------------------------------------------- 

C I J  ( I ,  J )  = E I J  ( I ,  J )  *CI ( I ) / E I  ( I )  
R I J ( 1 , J )  = E I J ( I , J ) + C I J ( I ,  J )  

c--------------------------------------------------- 
C FIND 'IHE VARIMCE OF 'IHE ALLOCATICN c---------------------------------------------------- 

T2=CI ( I )  *CI ( I  ) WELJEI  
T3 =VCI ( I  ) *T1 
T4=VCI ( I  ) WELJEI  
VCIJ ( I ,  J )  -+T3-T4 

c----------------------------------------------------- 
C FIND VARIANCE OF RUN S I Z E  
c- .......................................... 

T l = E I J  ( I ,  J ) / E I  ( I )  
T 2 - T I E 1  *T1 
m=1 .+TCIEI-T2 

20 VRIJ  ( I ,  J )  =Kt  ( I  ) *Tl*Tl+VEIJ ( I ,  J) *T3*T3+T2*T2* (VEI ( I  ) -VEIJ ( I ,  J )  ) 
RETURN 
END 

SUBROUTINE M P 1  ( I K E ,  NBYGE, NSMPLE, NSIRAT, NST, PST,VBYAGE) c-------------------------------------------------------------- 
C "AGCPIPll' FINDS AGE COMPOSI!t'IONS FOR AN ENTIRE SEASCN AND THE 
C VARIANCE OF THOSE CX3WCSITICNS WEN 'IHE POPULATICN SIZE IS 
C KNOWN. INHJIS ARE FROM A STRATIFIED RANDOM SAMPLING PROGRAM 
C FOR PGE CDMPCXSITICN AND FROM AN ENJMERATING PROGRAM FOR A 
C SALMON POWLATION. INPUTS ARE PROPORTIONS BY AGE BY STRATUM 
C FROM SAMPLES, NUbBER SAMPLED BY STRATUM, NUMBER OF FISH 
C ENUMERATED BY STRATUM, NJMBER OF AGES, AND NUMBER OF STRATA. 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

REaL NBYAGE (10)  ,VBYAGE (10)  , P  (10)  ,PST (10,15)  ,NSMPLtE (15)  ,NSRAT (15)  
REAL NTOT 
INTEGER HK 

c------------------------------------------------------- 
C IPGE WMBER OF AGE GRCUPS - INFUT 
C 1, HK AGE, SRATUM - SUBSCRIPTS 
C NBYXE ( I  ) JZSTIMATED NUMBER BY PGE - CUTPUT 
C NSMPLE(HK) IWMBER SAMeLED IN SrRATA H - INEUT 
C NSTRAT(HK) NJMBER IN POPULATICN IN STRATA H - I N W T  
C NST NUMBER OF S?RlYl?A - INFUT 



C N'IDT POPULATICN S I Z E  
C p ( I )  ESTIb'RTED PROPORTION OF AGE I I N  POPULATION 
C ~ ( I I H K )  PROPOKI'ICN O F  ZGE I I N  SAMPLES TAKEN I N  STRATA H - 
C INPUT 
C VBYAGE ( I  ) ESTIMATED VARIANCE O F  NUMBER BY AGE - CUTPUT 
L  

- - - - - - - - - - - 

C FIND POFULATION S I Z E  
c-------------------------------------------------------- 

NTOT-4. 
DO 1 0  HK=l ,NSr  

10 N r n N S T R r n  (HK) + N r n  
c-------------------------------------------------------------- 
C FIND WEIGHTED PROPOKI'ICN FOR EACH X E  A C R E S  STRATA 
L -  

- 

DO 30 I=l, I X E  
P ( I ) = O .  
VBYPGE ( I )  =O . 
DO 20 HK=l,NST 
P ( I )  =NSTRAT (HK) /~T*PST( I ,HK)+P( I )  

" 
C FIND VARIANCE O F  NUMBERS BY AGE 
c------------------------------------------------------ 

Tl=NSTRAT (HK) *NStRAT (HK) * (NSI'RAT (HK) -NSMPLE (HK) ) 
T2=PST ( I ,  HK) * (1 .-PST(1, HK) ) 
T3= (NSTRAT (HK) -1. ) * (NSMIILE (HK) -1. ) 

20 V B Y S E  ( I )  =VBYXE ( I )+T l*T2 /T3  - 
C FIND WME3ERS BY IY;E 
c--------------------------------------------------------------- 

30 NBYPGE (I) =P ( I )  %TOT 
RETURN 
END 

SUBFUXJTINE AGCMP2 (IAGE, IBYAGE, NSMPLE, NET, NSI'RAT, NSI'RTV, PST, VBYAGE) 
c---------------------------------------------------------- 
C "AGCMP2" F I N E  X E  OOMPOSITIONS FOR AN ENTIRE SEASCN AND THE 
C VARIANCE O F  ?HOSE COMPOSITICNS WHEN ?HE POPULATICN S I Z E  IS 
C ESTIMATED. INPUTS ARE FROM A STRATIFIED RANDOM SAMPLING 
C PROGRAM FOR PGE 03MPOGITICN AND FROM AN ENJMERATING PROGRAM 
C FOR A S A L M  POPULATION. INPUTS ARE PROFORTIONS BY AGE BY 
C S'IRAWM I N  SAMPLES, PJUMBER SAMPLED BY STRATUM, ESTIMATED 
C NUMBER OF FISH IN PART OF THE POPULATION BY STRA!I'UM AND TEIE 
C VARIANCE O F  ?HE ESTIMATE, ?HE NUMBER OF  X E S ,  AND ?HE KJMBER 
C O F  S?RATA. 
L 

REAL N B Y S E ( 1 0 )  ,VBYIY;E(lO) , P S T ( 1 0 , 1 5 )  ,NSMPLE(15) ,NSTRAT(15) 
REAL NSTRTV ( 1 5 )  , WMSTR 
INTEGER HK 



b - - - - - - ---- 
C FA F I N I T E  EOPULATICN CORREmICN FAC'IDR FOR VARIANCE OF 
C PST 
C IPGE NJFP3ER OF  PGE GRCUPS - I N W T  
C 1,IM AGE, STRATUM - SUBSCRIPTS 
C N B Y S E  (I) ESTIMATED WMBER BY PGE - CUTPUT 
C NSELn"SLE(HK) NJbBERSAMPLEDINSl'RATUM- INFUT 
C NS?RAT(HK) ESTIFlATED MIMBEB I N  FOPULWICN I N  STRATUM - INPUT 
C NSTRTV(J3K) VARIANCEFORNSl 'RAT(HK) -INFUT 
C NST NUC.IBER O F  STRATA - INPUT 
C NU PS?R NLIMBER BY AGE BY STRATUM 
C PST ( I ,HK)  PROPORTICN O F  PGE I I N  SAMPLES TAKEN IN STRAWM - 
C I N W T  
C W A G E  ( I  ) ESTIMATED VARIANm O F  NUMBER BY AGE - OUTPUT 
C VNSTRT VARIWCE FOR WMSTR 
C VPST VARIANCE FOR PST 
c-------------------------------------------------------------- 
C FIND VARIANCE O F  PROFOHTION FOR STRATUM HK 
c---------------------------------------------------------------- 

DO 30 I=l, IAGE 
PBY K E  (I ) =O . 
W A G E  ( 1 )  4. 
DO 30 HK=lINST 
V P S P ( 1 . - P S T ( 1 , H K )  )*PsT(I,HK)/(NSMPLE(HK)-1.) 

c------------------------------------------------------------ 
C F IND VARIANCE O F  NUbBERS BY AGE BY STRATUM 
L - - - - - - - - -- ---- 

FA= (NSI'RW (HK) -NSMJ?LE (HK) ) /  (NSTRAT (HK) -1. ) 
Tl=NSTRN' (HK ) *lS?RAT (HK ) W *FA 
T2=PST ( I ,  HK) *PST (I, HK) *NSI'RTV (HK) 
T3=NSTRTV(HK) *FA*VPST 
VN=T=Tl+T2-T3 

.d 

C ACCUMULATE VARIANCES O F  NJME5ERS BY PGE W E R  STRATA 

W P G E  ( I )  =VBYAGE (I)+VNS?RT 
U 

C FIND MIME3ERS BY PGE BY STRAWM HK 
C------------------------------------------------------------------ 

WMSTllcNSTRAT (HK)  *PST (1,HK) c---------------------------------------------------------------- 
C ACCUMULATE NMBERS BY X E  W E R  STRATA 
c--------------------------------------------------------------- 

30 NBYXE (I) =NBYXE ( I )+WMSTR 
RE'JSJRN 
END 



APPENDIX B 

D e f i n i t i o n s  o f  t h e  n o t a t i o n  used i n  t h i s  r e p o r t .  The term v[ I i s  the  va r iance  
of t h e  v a r i a b l e  i n  the  b racke ts .  Sampling s t r a t a  a r e  sampling per iods .  

The r e l a t i v e  b i a s  i n  the  a l l o c a t i o n  o f  catch o f  age i t o  r i v e r  j 

Number o f  f i s h  i n  t h e  ca tch  

A I X J  m a t r i x  of cij 

A c o l  1  ected cons tan t  

Catch o f  f i s h  o f  age i bound f o r  r i v e r  j i n  a  season 

Est imated ca tch  o f  f i s h  o f  age i bound f o r  r i v e r  j i n  a  season 

Est imated ca tch  o f  f i s h  o f  age i i n  a  season 

An 1x1 v e c t o r  of C . j  

A 1 vec to r  of c .  

Catch d u r i n g  sampling s t ra tum k 

Est imated escapement o f  f i s h  o f  age i t o  a l l  r i v e r s  i n  a  season 

Est imated escapement o f  f i s h  o f  age i t o  r i v e r  j i n  a  season 

Est imated escapement o f  f i s h  o f  a l l  ages t o  r i v e r  j du r i ng  sampling 
s  t r a  turn h 

Est imated escapement o f  f i s h  o f  age i t o  r i v e r  j d u r i n g  sampling s t ra tum h 

Number o f  s t r a t a  i n  t he  sampling program t o  es t imate  t h e  age composi t ion 
o f  t h e  season's escapement t o  r i v e r  j 

Number o f  ages 

Number o f  r i v e r s  

Number o f  pe r i ods  i n  the  sampl i n g  program t o  es t imate  t h e  age composi t ion 
o f  t h e  season's ca t ch  

Number sampled d u r i n g  sampling s t ra tum h i n  t h e  sampling program f o r  
es t ima t i ng  t he  age composi t ion o f  t h e  escapement t o  r i v e r  j 



APPENDIX B ( c o n t i  nued) . 

Number sampled d u r i n g  s t ra tum k i n  t h e  sampl ing program f o r  e s t i m a t i n g  t h e  
age composi t ion o f  t he  ca tch  

A J X J  m a t r i x  o f  a  subset o f  a l l  pi j  

P r o p o r t i o n  o f  t he  e n t i r e  r u n  (a1 1  r i v e r s )  o f  age i (sum of pi ove r  i equals 
one) 

Est imated p r o p o r t i o n  o f  escapement t o  r i v e r  j o f  age i 

Est imated p r o p o r t i o n  o f  escapement t o  r i v e r  j of age i d u r i n g  sampling 
s t ra tum h 

Est imated p r o p o r t i o n  of escapement t o  r i v e r  t o f  age i 

Est imated p r o p o r t i o n  o f  t h e  ca tch  t h a t  a re  age i 

Est imated p r o p o r t i o n  o f  t h e  ca tch  i n  sampling s t ra tum k t h a t  a re  age i 

An 1x1 v e c t o r  o f  a  subset o f  a l l  Gi. 

Number o f  f i s h  i n  t h e  r u n  

Number o f  f i s h  i n  t h e  r u n  o f  age i 

P r o p o r t i o n  o f  t h e  f i s h  o f  age i i n  t he  r u n  represen ted  by f i s h  bound f o r  
r i v e r  j (sum o f  r i j  over  j equals  one) 

Number o f  f i s h  i n  t h e  r u n  o f  age i bound f o r  r i v e r  j 

P r o p o r t i o n  o f  t he  f i s h  o f  age i i n  t h e  r u n  bound f o r  r i v e r  t 

An IXJ m a t r i x  o f  t he  f r a c t i o n s  each r u n  rep resen t  w i t h i n  an age group 

A s tandard e x p l o i t a t i o n  r a t e  used as a  s c a l i n g  f a c t o r  f o r  de te rmin ing  
r e l a t i v e  b i a s  i n  a  ca tch  a l l o c a t i o n  

E x p l o i t a t i o n  r a t e  f o r  f i s h  o f  age i ( o  < ui < 1) 

E x p l o i t a t i o n  r a t e  f o r  f i s h  o f  age i bound f o r  r i v e r  j ( o  < uij 1) 

Weight ing f a c t o r  t h a t  desc r ibes  t h e  d i f f e r e n c e  between t h e  ac tua l  e x p l o i t a -  
t i o n  r a t e  uij as a l i n e a r  f u n c t i o n  o f  a  s tandard r a t e  u 

Weight ing f a c t o r  t h a t  desc r ibes  t h e  d i f f e r e n c e  between t h e  a c t u a l  e x p l o i t a -  
t i o n  r a t e  uit as a  1 i n e a r  f u n c t i o n  o f  a  s tandard r a t e  u 



APPENDIX C 

Worlund and Fred in  (1  962) propose t o  d i v i d e  the catch i n  a  mixed-stock f i s h e r y  
accord ing t o  t he  frequency o f  a  d e s c r i p t i v e  charac te r ,  such as age, w i t h  t h e  
D i f f e rence  method. A s i n g l e  a1 l o c a t i o n  f o r  a  f i s h e r y  w i t h  two a t t r i b u t e s  and 
two runs i s  made w i t h  Worlund and F r e d i n ' s  Eq. 7: 

where F i s  t h e  p r o p o r t i o n  o f  t he  ca tch  f rom r i v e r  a, R, i s  t h e  p r o p o r t i o n  o f  t he  
w i t h  a t t r i b u t e  a, Pad i s  the  p r o p o r t i o n  o f  t he  r u n  t o  r i v e r  a t h a t  has a t t r i b u t e  a, 
and Pba i s  t he  p r o p o r t i o n  o f  t he  r u n  t o  r i v e r  b t h a t  has a t t r i b u t e  a. To so l ve  t h e  
above equat ion, t h e  PS must be known o r  a t  l e a s t  est imated. I f  the  a t t r i b u t e  i s  
age, t he  PS a re  p a r t  o f  t h e  age composit ion of each run,  and because t he  age 
composi t ion o f  t h e  escapement i s  t h e  o n l y  es t imate  a v a i l a b l e  f o r  t he  age composi t ion 
o f  the  run,  i t  i s  used t o  es t imate  t he  PS. Worlund and F r e d i n ' s  n o t a t i o n  and t he  
n o t a t i o n  i n  t h i s  r e p o r t  a r e  r e l a t e d  as f o l l o w s :  F,=c.,/c; R,=c,-/c; pas- -E ad / E S a ;  
and Pba'Eab/E. b . 
The spec ia l  case f rom Worlund and F r e d i n  (1962) w i t h  two runs and two a t t r i b u t e s  
can be expanded t o  a  general  case w i t h  J runs  and I a t t r i b u t e s  (ages) t o  form Eq. 
2.8 i n  t h e  t e x t .  The PS a re  arranged i n  t he  IXJ m a t r i x  P w i t h  each column t h e  
complete age composi t ion of  t h e  r u n  t o  a  p a r t i c u l a r  r i v e r :  

I n  t h i s  example, I=J=~. For t he  general  case: 

Because Eq. 7 i n  Worlund and F red in  (1962) produces p ropo r t i ons  w h i l e  t he  Di f ference 
method produces numbers, t he  f a c t o r  I/C i s  inc luded  i n  t he  above equat ion.  The 
i nve rse  o f  p i s :  

l-Pba -Pba 

'aa-'ba 'aa-'ba 

= [ P a  Paa ] 
'aa-'ba Paa-Pba 



APPENDIX C ( con t i nued ) .  

S u b s t i t u t i n g  t h e  i n v e r s e  i n t o  Eq. C.3 g i v e s  a  s o l u t i o n :  

The v e c t o r  F has two elements, t h e  f i r s t  o f  which i s  t h e  r i gh t - hand  s ides  t o  Eq. 7 
i n  Worlund and F r e d i n  (1962);  t h e  second element i s  t h e  complement of t h e  f i r s t .  
Both elements F c o n s t i t u t e  t h e  f r a c t i o n s  i n  an a l l o c a t i o n  scheme. 
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The ca tch  and escapement o f  sockeye salmon aged 4, and 5, t o  the  R i v e r  Styx and 
t h e  R i v e r  of  No Return by day. The f i s h e r y  and t he  runs which i t  uses a r e  hypo- 
t h e t i c a l  . 

Date --- 
6-1 
6- 2 
6 -3 
6- 4 
6 -5 
6 -6 
6 -7 
6-8 
6-9 

6-10 
6-11 
6-12 
6 -13 
6-1 4 
6-15 
6-16 
6 -17 
6-18 
6-19 
6- 20 
6-21 
6-22 
6-23 
6-24 
6-25 
6- 26 
6-27 
6-28 
6-29 
6-30 

7-1 
7-2 
7-3 
7- 4 
7-5 

Catch - - - - - - - - -  
S tyx No Return - -- ---- 

42 52 42 52 .------------------------------ 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 16,515 
0 0 0 19,681 
0 0 0 22,319 
0 4,142 4,970 23,955 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 6,618 7,942 35,996 
0 8,442 10,130 35,9% 
0 9,793 11,751 35,996 
0 10,569 12,683 34,443 
0 0 0 0 
0 0 0 0 
0 0 0 0 

48,787 19,033 22,840 28,977 
49,720 19,810 23,772 24,316 
49,720 20,704 24,844 22,529 
60,907 20,704 24,844 19,422 

0 0 0 0 
0 0 0 0 
0 0 0 0 

Esca p e n t  

S tyx No Return -------- -------- 
42 52 42 52 .------------------- 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 15,700 
0 0 0 15,700 
0 0 0 16,000 
0 0 0 16,000 
0 0 0 19,600 
0 0 0 25,000 
0 0 0 29,000 
0 0 0 14,785 
0 0 0 17,619 
0 0 0 19,981 
0 0 0 21,445 
0 0 0 49,000 
0 0 4,450 51,000 
0 3,708 9,420 53,300 
0 7,850 9,600 17,304 
0 8,000 9,600 17,304 
0 8,000 3,818 17,304 
0 3,182 4,870 16,557 
0 4,058 5,649 49,000 
0 4,707 6,097 45,400 
0 5,081 22,380 42,300 
0 18,650 25,380 8,323 
0 21,150 27,240 6,984 
0 22,700 6,560 6,471 
0 5,467 6,828 5,578 
0 5,690 7,136 19,600 

62,800 5,946 7,136 16,000 
14,013 5,946 31,980 16,000 
14,280 26,650 31,980 3,503 
14,280 26,650 30,600 3,503 



APPENDIX D 

The ca tch  and escapement o f  sockeye salmon aged 4, and 5, t o  t h e  R i v e r  Styx and 
t h e  R i v e r  o f  No Return  by  day. The f i s h e r y  and t h e  runs  which i t  uses a r e  hypo- 
t h e t i  c a l  ( c o n t i n u e d ) .  

--- 

Catch Escapenent - - 
StyX No Return sex No Return - 

Date 42 52 42 52 42 52 42 52 

E l l  
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